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Belden 


An ever-increasing 
number of insulations 
for an ever-increasing 
number of electrical 
and electronic products 
puts growing emphasis 
on specialized wires 
engineered for the job. 
Your engineered prod- 
uct merits Belden wire 
engineering service. 
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NEW DEPARTURE ALL BEARINGS 


~ y 


Fits Like A Glove! 


Fits because—this basic New Departure ball bearing, more 
widely used than any other antifriction type, does much 
more than carry RADIAL loads—it locates the shaft it 
supports against THRUST LOADS FROM BOTH DIREC- 
TIONS equally well! 


Fits because—with a simple snap ring added, it does away 
with inside housing shoulders, simplifying mounting and 
cutting machining costs! 


Also—with efficient Sentri-Seal added, without change in 


exterior dimensions, it eliminates a separate outside closure 
—assures protection from outside dirt! 


And—with Sentri-Seals on both sides, this same basic bearing 
does away with all separate seals, eliminates all need for 
lubricating fittings—requires no attention for greasing! 
Finally—it is a long-lived, non-separable unit that calls for 
no shims or other devices for periodical adjustments. 


So, specify New Departures of the type that assures you 
maximum application proficiency and economy. 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e@ BRISTOL, CONN. 
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; {I ( SALUTES THE NEW JERSEY WOOD FINISHING COMPANY 
FOR 50 Years OF PROGRESS AND 


SERVICE IN THE ELECTRICAL INSULATION FIELD 
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Aspolyester vos “Mylar or over half of these fifty memorable, progress-filled 
years, IMC has been associated with the New Jersey 
Wood Finishing Company. As a distributor and 
fabricator of almost every conceivable kind of electrical 
insulating material, IMC is especially proud of its long 
association with this dynamic company. IMC salutes 
the New Jersey Wood Finishing Company, its president, 
Harold Wetterberg, and his entire staff, for their many 
outstanding achievements and contributions in the fast- 
moving field of electrical insulation. Through scientific 
research, their products have been improved constantly. 
VARTEX performance standards have been raised to 
new highs. And today’s VARTEX line has broadened 
into a complete and comprehensive line of the most 
modern flexible electrical insulation products. 


specialists in electrical insulation 


INSULATION MANUFACTURERS CORPORATION 
CHICAGO 46, ILLINOIS * 565 W. Washington Boulevard * Phone: CEntral 6-7320 
CLEVELAND 14, OHIO + 1231 Superior Avenue, N.E. * Phone: SUperior 1-2310 

Offices, Representatives, and Distributors in Principal Cities 
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Gilbert Gleichner, ‘‘pushbutton 
electro-chemist”’ and operator 

of our newest Stevens automatic 
anodizing unit. Bert says he’s getting 
more done, better, in less time, 

than he ever has before. 


FOR 


This mechanical wonder, a completely auto- 
matic anodizing unit, can carry thousands of 
component parts through the entire anodizing 
process at a predetermined cyclical rate that 
sets up optimum immersion for the job in hand, 
ruling out the human element of variation in 


manual and semi-automatic operation! 


Benefits to you are obvious. A finer anodic 
finish in natural, bright, or color... at lower 
cost ... with on-schedule delivery. And, best 
of all, components in final form, ready for 
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‘i rare. 


Or Tear 


Our Complete facilities 


FABRICATING YOUR COMPONENTS 


application to your product on your own as- 
sembly line. 


Why not review your component require- 
ments? If it can be made of aluminum— 
stamped, drawn or rolled-formed—and you 
need large volume, high-speed, quality produc- 
tion, get in touch with us. The anodic unit 
above is one of our many finishing units capable 
of a variety of mechanical, chemical finishes. 
All part of our mill-to-final-finish facilities, at 
your service. 


MAKERS OF 


RO 


THE FINEST ALUMINUM 


CONTRACT DIVISION 
ALUMINUM GOODS MANUFACTURING COMPANY 


MANITOWOC, WISCONSIN 
FIFTH AVENUE BLOG., NEW YORK 10 e MERCHANDISE MART. CHICAGO 54 
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in This issue 


A double-function briefing of the feature articles con- 
tent each month: 


(1) Each summary gives you a quick interpretation 
of the design significance of the article. 


(2) Each summary is also an indexed. subject 


classified annotated reference to the article that can 
be easily clipped for filing on standard 3x5 cards o1 
by other means. Space is provided for insertion of 


your own classification. 


If you want to adopt the ELecrricat MANUFACTUR- 
ING Functional Subject Classification used in these 
summaries, a copy will be sent to you without charge 
on request. Circle No. 736 on the Reader Inquiry 
Service Cards on page 17. Each summary also pro- 
vides space for insertion of vour own subject clas- 
sification 


Materials, Mechanical / Structural 


Your Classification: 
Thermal and Acoustical Insulation 


Thermal and Acoustical Insulation Requirements 


Materials are analyzed in terms of design problems in refrige! 
ated equipment; ranges and other heated appliances; home and 
commercial laundry and dishwashing appliances; air con 
ditioning and heating equipment. Improved fibrous glass 
thermal insulations are described, particularly in relation to 
new design concepts, such as “wrap-around” and _thin-wall 
constructions. Characteristics and applications are also given 
for gas-filled insulation, molded fibrous glass, and foam- o1 
cellular-plastic insulation. Use of fibrous glass in acoustical 
insulation is described. Living-space location for appliances 
is now a factor in consumer demand for noise-reduction in 
home equipment. Property graphs. tables. and temperature 
analysis charts 


Severn Jovee. OQwens-Corning Fiberglas ¢ orporation, Poledo. 
Ohi 


Electrical Manufacturing 


Control Your Classification: 
Systems and Servos 

Testing 
Systems 


Automatic Tester Simulates Circuits for Control Panels 


Descriptions of a “homemade” system for checking out, in a 
matter of minutes, complex machine tool control panels prio: 
to mounting on the machine. Heart of system is motor-driven 
cam drum, made of wood, with associated limit switches and 
signal lights. Simulated circuit principles demonstrated by 
case history of automatic turret lathe 


KE. J. Loeffler and J. R. Longenecker, The Warner & Swasey 
Company. Cleveland 
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Components, Electrical / Electronic 
Magnetic Components 

Control 
Theory 


Minimizing Partially Developed Relay Tree Circuits 


Your Classification: 


\ relay tree circuit with n relays has 2° possible outputs. 
When all outputs are utilized, the number of transfer contacts 
required is fixed at 2»1, But for a particular tree with less 
than 2" outputs, the number of transfer contacts required is 
not fixed, and the circuit with minimum transfers is not 
always obvious. Article presents unique graphical method for 
“mapping” minimum-transfer circuits. 


Mitchell P. Mareus, International Business Machines Corp., 


Endicott, N.Y. 
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Components, Electrical Electronic 
Resistors 

Testing 
Components 


Measurement of Resistor Temperature Coefficient 


Your Classification: 


Effects of errors in maintaining nominal test temperature and 
in resistance bridge accuracy on temperature coefficient read- 
ings are shown graphically for standard temperature incre- 
nents. A high accuracy resistance measuring bridge is de- 
scribed that uses a precision potentiometer and vacuum tube 
amplifier instead of decade resistances and is good for a 
range of + 500 ppm in TC measurement. 


Ek. Thompson, International Resistance Company, Philadel- 
phia, Pa. 
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Materials, Electrical / Electronic 
Electrical Insulation and Dielectrics 
Motors 
Integral-Hp 


Design and Cost Advantages in Class H-Insulated Integral-Hp 
Motors 


Your Classification: 


Use of Class A insulation limits size and weight reduction in 
motors, since adequate surface area is needed for the required 
rapid heat dissipation. With availability of Class H insulation 
this limitation may be overcome. To investigate functional use 
of silicone insulating systems in integral-hp motors 714-hp 
TEFC pilot units were designed and evaluated in comparison 
with conventional Class A-insulated motors of the same rating. 
Evaluation data indicate characteristics are essentially the 
same, but silicone-insulated units are about one-half the size 
and weight, and cut copper and steel requirements by almost 
mL per cent. 


J. F. Dexter, Product Engineering Laboratories, Dow Corning 
Corporation, Midland, Mich. 
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Your Classification: 
Systems 


Control 
Systems and Servos 


Production Testing of Servomechanisms 


For routinized testing and calibration of components and 
elements of complete servo systems. methods are derived from 
rigorous control theory. Illustrative loops and graphs are in 
cluded to support the reasoning and as specific references for 
engineers having the problem of devising technically sound 
production test methods which are usable by medium-skilled 
production personnel. 


LCdr. H. R. Walker, USN, Naval Air Development 


Center. 
Johnsville. Pa. 
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Components, Electrical/Electronic 
Magnetic Components 

Design Considerations 
Component Design Factors 


Design Procedures for Special Type High-Temperature 
Transformers—Il 


Your Classification 


Continuation of article begun in July (Part I, p. 116, 10 pp) 
presents specific step-by-step design procedures for trans 
formers of the following special types: Current limiting 
transformers, current limiting transformers with unbalanced 
d-c magnetization, and vibrator supply transformers. Design 
example is worked out for 400-cycle transformer for opera 
tion at 115 C rise over 85 C ambient. 


Irving Remis, U. S. Army Signal Laborateries, Ft. Mon 


mouth, N. 3, 
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Components, Electrical /Electronic 
Transducers 

Control 
Systems and Servos 


A Critical Evaluation of High Precision Electrcomechanical 
Linear Measuring Systems 


Your Classification: 


\ frank discussion of accuracy. linearity, resolution and 
sources of error in position-measuring transducers suitable for 
closed-loop machine tool controls, including: differential trans 
formers and capacitors; linear potentiometers; ultrasonic sys 
tems; lead screw and rack systems with rotary signal pickoffs: 
optical systems; digitally coded scales; plus the proprietary 
Pratt & Whitney “Electrolimit,” Farrand “Inductosyn” and 
Canadian Westinghouse “Nultrax.” 


Frans Brouwer, Electronics Division, Canadian Westinghouse 
Co., Ltd., Hamilton, Ontario. 
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Generators Your Classification: 
Power 


Regulations Systems for A-C Generators 


Simple and economical methods of achieving improved regula- 
tion in alternators in the 10- to 100- kva size ranges are out- 
lined and compared for their merits for particular applica- 
tions. The regulation means analyzed range from alternator 
internal design for better inherent regulation, to the use of 
a minimum of external equipment such as saturable reactors 
and dry-disk rectifiers. Applications include railway reefer car 
and other mobile equipment generators. 


Harris Shapiro, Star-Kimble Motor Division, Safety Industries, 
Inc., New Haven, Conn 
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Production and Assembly Techniques Your Classification: 
Soldering and Solderless Techniques 
Printed Wiring 


Mechanized Soldering of Printed Circuit Boards 


Control of depth of immersion and dwell time obtainable over 
hand methods are advantages of two commercial types of 
machines, one using a motorized plunger action, the other, 
from England, employing a stationary wave of solder pumped 
clean from bottom of bath. Some precautions are given to 
prevent filling holes. 


Ted Gates, Electronic Products Corp., Santa Barbara, Calif 


J. Gogan. Electrovert Inc., New York 17 
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Design Considerations 
Human Engineering 
Instruments and Test Equipment 
Design 


Human Engineering Faults in Test Equipment Design 


Test equipment and skilled testing personnel have become in- 
creasingly important as electronic equipment grows in com- 
plexity. Human engineering factors should be applied in the 
design of test equipment to eliminate or minimize badly de- 
signed or improperly located components such as fasteners, 
cables, jacks, connectors, knobs, lid enclosures and _ latches. 
Such design defects seriously impair the efficiency and accuracy 
of operator’s work, and in some instances constitute operational 
hazards. Based on an U. S. Navy equipment study, examples 
of poor design are shown and redesigned improvements indi 
cated. 


Your Classification: 


Robert Bilinski, Human Factors Division, U. S. Navy Elec 


tronics Laboratory, San Diego. Calif 
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SCIENTIFIC “SOUNDINGS” PRODUCE QUIET BEARINGS 


Through the application of the latest electronic instruments, 
&{0S research engineers have been able to further reduce 
the sound factor in anti-friction bearings. SOS’ provides 
the quietest running, rolling contact bearing in the world 
of today ...at no added cost. 


Other recent laboratory achievements include improve- 
ments in sealing and increase in bearing operating life, 
further assuring users the best bearings for their dollar. 


But accept no substitutes— you benefit from these only 
when you insist upon Sf’. 


oKF 


EVERY TYPE—EVERY USE 
i 1 
ow = 


Spherical, Cylindrical, Ball, and “Tyson. Tapered Roller Bearings 
*Reg. U.S. Pat. Off. Tyson Bearing Company 
SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


7763 
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Research 
Horizons 


Polypropylene Plastics 
Commercially Ready 


Commercial production of polypropy- 
lene, another new petrochemical plas- 
tic is scheduled to go on stream this 
summer in Italy. Trademarked, “Mop- 
len,” the new material will be pro- 
duced by Montecatini. the big Italian 
chemical company that had backed the 
research by Prof. G. Natta at the 
University of Milan. First production 
is expected to be priced somewhat 
under the cost of polyethylene. 
Applications in the electrical field 
have aroused much preliminary inter- 
est. Suggested uses include: high- 
temperature sleeving: slot insulation: 
wire insulation for submersible 


motors; wire and cable insulation 


generally. Various applications for 
molded parts are also seen. Literature 


just received from Italy shows illustra- 


tions of Moplen polypropylene injec- 
tion-molded refrigerator frames; cen- 
trifugal 
parts; 


caps. 


agitators: vacuum cleanet 


gearing: ignition distributor 

Briefly. polypropylene is a thermo- 
plastic derived from propylene gas. 
Outstanding property is believed to be 
thermal resistance. Without load. di- 
mensional stability is maintained at 
temperatures up to 150 C. But there is 
some opinion that low-temperature 
brittleness may give trouble unless this 
problem has by now been licked. 

Other properties include low density 
and a_ relatively high yield point. 
Electric strength is 30 to 32. kilo- 
volt/mm. Power factor at 10° eps, 
0.0002 to 0.0003. Dielectric constant at 
10° eps. 2.0 to 2.1. Volume resistivity, 
greater than 8 x 10!8 ohm-cm*. 

In addition to 
molded. 


injection 
polypropylene may be ex- 


being 


Silicone Rubber Fabrication Laboratory. Control panel for gas-fired, hot-air 
vulcanized unit in Dow Corning’s new silicone rubber laboratories opened 
this summer in Midland, Mich. Research in application problems and fab- 
riecation techniques is primary function of the laboratories. 
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truded and compression molded. Sheets 


may be Films can be 


produced. and may have application as 
electrical insulation. 


O. w 


post-formed. 


production of polypropylene 
may be started by 1958. Whether it 
will be on a Montecatini license o1 
independently, or both, is still a 
. . But here’s another new 
entry in the plastics field that bears 
watching. 


conjecture 


Reliability Engineering 
Research Launched 


Those who are the closest to the 
problems of electronic component re- 
liability will be the first to agree that 
“reliability” is still more of a concept 
than it is a solid accomplishment. 
Realistic specifications are a_funda- 
mental need. The U. S. Army Signal 
Equipment Support Agency, Fort Mon- 
mouth, N. J.. has therefore started a 
12-month reliability engineering re 
search study through a contract placed 
with Battelle Memorial Institute. 
Columbus. Ohio. Objectives are: 


1. To establish procedures 
and requirements for the prepara- 
tion of military specifications for 


testing 


electronic parts and materials for 
which no specifications exist. 
2. To establish limitations based on 
the state-of-the-art for the appli- 
cation of electronic component 
parts and materials covered by 
existing specifications and to in- 
dicate areas for additional re- 
search and development. 
3. To prepare detailed specifications 
for those electronic components 
and materials covered by omnibus- 


type military specifications. 

Plan of operation for each compo 
nent group will call for: (1) a sur- 
vey phase during which information 
from contact with component manu- 
facturers and from the literature will 
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RESEARCH HORIZONS 


i 


be evaluated; (2) an experimental 
evaluation phase to determine opera- 
tional characteristics; and (3) an 
analysis and recommendation phase 
during which experimental data will 
be analyzed and 


established. 


specification limits 


New AEC Royalty-Free 
Patents Released 


Latest list of AEC patents released to 
industry on a non-exclusive. royalty- 
free basis, includes these devices. out 
of a total of 47: 


Combined Acceleration-Sensing and 
Device. Hairspring con- 
nected to a shaft with acceleration- 
responsive balance 


Integrating 


member controls 
the oscillation frequency of an escape- 
ment member, thereby controlling the 
movement of a gear. Output wheel 
with electrical contact is geared to the 
train so that a change in acceleration 
varies the time before an electrical cir- 


cuit is closed. (Patent No. 2.780.455.) 


Gating Circuit. Circuit utilizes two 
vacuum tubes and a pair of crystal 
diodes. Gating signal applied to control 
grid of each tube concurrently with 
input signals serves to vary the poten- 
tial of the output terminal of circuit 
in proportion to the input signal within 
limits of gating signal. (Patent No. 
2.781.448.) 


Pressure Switch. This device (Pat- 
ent No. 2.783.320) is designed to 
respond to the positive application of 
pressure. Two conducting domes are 
mounted concentrically and are spaced 
so that a pressure strong enough to 
crush the outer dome will cause it to 
make contact with the inner dome. thus 
closing an electrical circuit. 


The Diamond as 
Semiconductor 


The unremitting choice for new semi- 
conductor sources now also points to 
the diamond as a possible material for 
elevated temperature applications. In- 
vestigations are now underway. The 
next comment is almost obvious—will 
the diamond become the solid state 
physicist’s best friend? 

But who knows where the diamond 
will be in a brief year or so? Here is 
our not-so-aged friend, selenium. al- 
ready being listed in a recently pre- 
sented paper as “retired from rectifier 
use”! 
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Rapid Thermal 
Comparator Device 


Exhibited recently at the National 


Physical Laboratory in England is a 
relatively simple device for rapid 
measurement of thermal conductivity 
of solids. The method is based on the 


common phenomena that by merely 


handling solids at normal temperatures 


they can be roughly graded in the or- 
der of their thermal conductivities. It is 
intended for use where the standard 
complex laboratory methods are not 
available or are too time-consuming. 

\ small phosphor-bronze ball. heated 
to a constant excess temperature, is 
brought into contact with the test sur- 
face and the rate of cooling is ob 
served. This rate is, of course. depend- 
ent on the applied pressure and the 
nature of the surface. When calibrated 
for a material of known thermal 
conductivity, and used under compar- 
able conditions. thermal conductivities 
for a wide metallic and 
nonmetallic solids can be evaluated. 

Differentially connected thermocoup- 
les are employed for measuring the 
temperatures of two similarly mounted 
balls. one of which makes contact with 


range of 


the test surface. The cooling period 
needs to be observed for only 10 sec. 
This method can also be applied to 


the study of conditions of 


surface 
solid materials and to the measure- 


ment of foil thicknesses. 


End Product Design—Research Reactor: 
Model of research reactor to be de- 
signed and built by AMF Atomics Di- 
vision of American Machine & Foundry 
Company for Societa Ricerche Impianti 
Nueleari (SORIN), Milan, Italy, and de- 
scribed as the first of its type in Europe 
to be owned and operated by private 
industry. Specifications call for a l-mega- 
watt pool-type unit, with provision for 
later conversion, if needed, to a power 
level of 5 megawatts. Shown here, left 
to right, are Dr. Luciano Orsoni and Dr. 
Giulio Cesoni, managers of SORIN, and 
General Manager Arthur V. Peterson of 
AMF Atomics. 


“Radiation for Sale’ 


Commercial irradiation facilities are 
becoming more generally available for 
both research and processing purposes. 
Currently. such radiation-for-sale  o1 
rental services are being announced by 
Applied Radiation Corporation, Walnut 
Creek, Calif., and The High Voltage 
Engineering Corporation, Cambridge. 
Mass. Each of the facilities comprises 
linear electron accelerators, capable of 
producing X-ravs electron and neutron 
beams. 

As an example of an equipment 
manufacturer's use of such services. 
Hewlett-Packard Company utilized the 
ARCO facilities at Walnut Creek to 
investigate the use of irradiated poly- 
ethylene for the manufacture of high- 
frequency VTVM probe tips. The poly- 
stvrene tips in use suffered from low- 
temperature cracking thereby 
exposing internal parts of the voltmeter 


Although 


polyethylene solved the low-tempera- 


stress 


to moisture. conventional 
ture stress cracking problem, a new 
problem arose from its tendency to 
flow at high temperatures. This re- 
stricted the use of polyethylene probe 
tips under high ambient temperature 
conditions and in applications where 
the tips are soldered directly into 
circuits under test. 

By subjecting the polyethylene probe 
tips to irradiation under an 8-mev 
electron accelerator, the temperature 
resistance of the probes was increased 
to about 250 F with little or no effect 
on the low-temperature resistance to 
cracking. The irradiated polyethylene 
tips replaced the polystyrene and are 
now in regular production. 


New Types of 
Polyester Film 


\t least two companies are understood 
to be areas. of 
polyester insulation film. The relatively 
straight-branched —isophthalic __ poly- 
esters forms the starting point, as 
against the terephthalic polyesters on 
which are based the presently com- 
mercially available (and widely used) 
polyester films (Du Pont’s Mylar). 
Several important property advantages 
are foreseen. Meanwhile continuing 
research in Mylar is of course also 
underway. Vet results: A wider range 
of polyester insulating film with some 
improvements in properties that at 
present fall somewhat short of opti- 
mum _ performance. 


working in new 


Season’s 

Greetings— 

We may be a bit late, but just the 
same—A Happy International Geo- 
physical Year to You! 


—A.E.J. 
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A single small green thread distinguishes silicone-glass magnet 
wires from ordinary varnish-treated wires. This simple innovation 
—which was introduced by Rome Cable—saves you time and 
money by making identification easier and positive. 


Insulated by a tough silicone-glass covering... 


Rome’s ‘green thread magnet wire’ permits 


easier-wound coils for Class 


You can prove to yourself that Rome 
Cable’s silicone-glass magnet wire is 
best by comparing its properties with 
those of any other. It will pass any 
reasonable test you can give it. This 
premium quality magnet wire features: 
High heat resistance —ideal for Class 
H equipment (180° C. hottest spot). 


Outstanding abrasion resistance —this 
wire is made to order for the tight ten- 
sion blocks and severe handling in- 
volved in coil winding. 

High tensile strength—this tough in- 


sulation won't crack under the tension 
of coil winding. 


Perfectly bonded—this skip-free cover- 
ing is tightly bonded to withstand 
severe bending. 

In addition to the toughness and 
heat resistance of its insulation, this 
magnet wire features a copper con- 
ductor with consistently accurate di- 
mensions, a surface free of burrs and 
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defects, and the correct copper soft- 
ness—all the result of Rome Cable’s 
step-by-step quality control. 
And-—since proper spooling of fin- 
ished wire is of real importance—Rome 
Cable accurately winds each layer. 
Spools are then carefully packed to pre- 
vent any damage during shipment. 
Many magnet wire users are now 
specifying Rome’s green thread wire 
for Class H use because they know that 
this silicone-glass magnet wire is more 
dependable and easier to use than any 
other. Why don't you do the same? 
Contact your nearest Rome Cable 
representative for more information- 
or write to Department 203, Rome 
Cable Corporation, Rome, New York. 


H equipment 


High tensile strength of insulation is a 
must when winding transformer coils. 
Rome’s silicone-glass magnet wire readily 
meets this requirement. 


ROME CABLE 
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many other makes 


Stromberg-Carlson’s new type “E” 
relay combines the time-proven 
characteristics of the type “A” relay 
with a mounting arrangement com- 
mon to many other makes. 

As the sketch above shows, our 
new frame mounting holes and coil 
terminal spacing allow you to spec- 
ify these relays—of ‘‘telephone qual- 
ity”—interchangeably with brands 
you have been using. Costs are com- 
petitive and expanded production 
means prompt delivery. 

Welcome engineering features of 
the new “E” relay are— 


* Contact spring assembly: maximum of 20 
Form A, 18 B, 10 C per relay. 


* Coil: single or double wound, with taper tab 
or solder type terminals at back of relay. 


* Operating voltage: 200 volts DC maximum. 


You may order individual can cov- 
ers in a choice of 3 sizes for the new 
relay, as well as for our type “A” 
and “C”’ relays. 


For complete details and specifi- 
cations on the “E” relay and other 
Stromberg-Carlson relays, send for 
your free copy of Catalog T-5000R. 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
CARLSON ROAD, ROCHESTER 3, N. Y. 
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Pius or Minus 


Random 


This Symbolic Age 


Our worthy contemporary Petroleum 
Refiner recently advised potential ad- 
vertisers that its Process Developments 
issue was then being “flanged up” by 
its editorial staff. “On stream” is now 
established lingo in the continuous 
process industries and implies that the 
stuff is now going through the plant in 
a continuous stream, mostly through 
pipe. which, if high pressure. is as- 
sembled by bolted flanges. Or so we 
deduct from PR’s terminology. 
Should our Promotion Department 
inform our advertising prospects that 
by August 15 our editors will have 
“finalized” our bang-up September is- 
sue and they better be in by then, or 
should the more colorful and_ topical 
phrase. “dip soldered” be used. “Put to 
bed” is much too old a printer’s cliche. 
Or maybe it should be said that the 
September editorial effort will be 
“polished up” by 8/15, the term sug- 
gested by a reader who recently wrote 
that our January 1957 issue “reflected” 
an article on “Resistor Evaluation for 
Critical Applications.” He was looking 
for a similar broad review on capaci- 
tors. We referred him to a_ piece 
published in May 1951 on ‘Fixed 
Capacitors for Electronic Circuits.” 


KF. J. 0. 


Form and Function 


\ physical object can be designed in 
any of a variety of forms and still per- 
form its function. The early appear- 
ance-design purists’ battle-ery. “Form 
follows function” has long since been 
abandoned as a literal guide in the 
sense of imposing a strait jacket on 
product design. The use of form which 
neither interferes with nor directly 
serves function has consequently now 
become a design habit. Or has it? 

In a recent visit with an engineer 
from England, our host asked why so 
much of our industrial equipment was 
ungainly and marked by that “put- 


Comments of the 


Editors 


together” look, when on the other hand 
appearance design was so well en- 
trenched in our consumer-product fields. 
He contended that British and Euro- 
pean designers had a deeply ingrained 
tendency to select the graceful line. the 
visual congeniality of shapes in prox- 
imity. the continuity of lines and masses 
when there was a design choice to be 
made. even when dealing with  in- 
ternal details which might never be 
seen. Every one of our weak arguments 
in refutation was answered by the ob- 
vious. It is no cheaper to draw or 
die-cast a traditional ogee curve in a 
machine bracket than it is to use an 
interesting taper or dissymmetry. 

We were left with the question in 
our minds: Is there still a strong rem- 
nant of the die-hard notion that ugliness 
and jarring incongruity of shapes are 
“virile”, that a machine should look 
“mechanical”, meaning (presumably } 
visually noisy, in order for it to look as 
though it “meant business”? This might 
be extended to arguing that a machine 
should clatter, groan and screech in 
order to sound powerful. 


Achilles’ Heel School 

of Engineering Design 

lhe sales manager of a firm making an 
unusually reliable contact making de- 
vice at a competitive price recently 
told us he lost a potential sale to a 
manufacturer of vertical transportation 
equipment because “the thing was just 
too good,” even though the overall 
installed equipment is expected to 
“last forever.” 

Because periodic maintenance is 
established practice in this field. the 
prospective customer derives some 20 
per cent of revenue from service calls 
and replacement parts. As long as their 
present device was giving satisfactory 
service for a reasonable length of time. 
they weren't interested in replacing it 
with a 


longer-life item that might 
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Fansteel 


ELECTRICAL 
CONTACTS 


... dependable since 1914 


Fansteel 
SERVICE 


engineering help that’s 
available when you need it, 
reliable when you get it! 


Fansteel Metallurgical Corporation 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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GREATER 
y HOLDING 


POWER at 
LESS COST 


with Setko 


LABBED HEAD 
Set Screws! 


@ Will Take 50% more 
torque, unique design 
resists damage. 


®@ Costs Less than hexa- 
gon or fluted socket 
set screws. 


@ Fully threaded. 


@ NU-CUP or standard 
points available. 


@ Can be Automated 
with Setko’s Hopper 
Feeding method. 


*U.S. Pat. 2,778,265 


Setko Slabbed Head Set Screws are real 
money savers. They costless than 
comparable hexagon or fluted socket 
set screws, yet they take greater tight- 
ening pressures ... Up to 50% more 
torque without damaging. 


Holding power can be even further 
increased when furnished with 
Setko’s own NU-CUP, the patented 
holding cup point that has a 42% 
sharper cutting angle. Cuts are 
deeper and in a full circle ... With 
the extra pressure that can be exerted 
on the Slabbed Head Set Screw, NU- 
CUP really digs in tight. 


Whether you drive them manually 
or with power ... And whether your 
needs are large or small, your costs 
will go down and holding power 
wall go up. 


You Cut Costs Way Down 
When You Automate 


Experience has proven that insertion 
rates of Slabbed Head Set Screws 
can be greatly increased when 
Automated by Setko’s revolutionary 
Hopper Feeding System. 


WRITE TODAY for full informa- 
tion . .. and ask for Catalog 21 
which describes the complete 
line of Set Screws. 


etko 


Pat. No 2,638,945 
Other Patents Pending 


crevy 
& h4fg.Co. 


11° Main Street, Bartlett, lilinois 
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the door” for 


service and replacement parts business. 
Now 


in a discussion of 


eliminate their “toe in 


we don’t want to get involved 


what is and what is 
not good engineering ethics. As a mat- 
ter of feel that the 


pressure of competition both commer- 


fact we strongly 


cial and technological pretty well 


guarantees a certain amount of design 
integrity. But in the gray area where 
and good business 


design integrity 


sense occasionally seem to run counter 


other, we sometimes wonder 
the 


indeed, we 


to each 


whether right one prevails—if. 


can truly say which one is 
the right one. 


W. 


Und So Weiter 


If you've been worrying about trans- 


lating some of your scientific papers 
into German, here’s a set of English- 
“daffynitions” that should put 
And if you 
haven’t been worrying, we don’t blame 
Harry DuBois. 
VP-Engineering, Mycalex Corporation. 
for uncovering this particular bit of 
mid-summer reading: 


German 
all your worries to an end. 


you! Credit (or blame) 


English German 
Guided Missile—-Das Sientifiker 
chutenwerks Firenkrakker 
Rocket Firesphitter 
schmoken-und-schnorten 
Liquid Rocket—Das Skwirten 

kind Firenschpitter 
Guidance System 


Ger- 


Engine mid 


Jucen- 


Das Schteerenwerks 
Das sckrubalische 
schtargazen peepenglasser mit kow- 
putenrattracen schteerenwerks 

Control Das 


Celestial Guidance 


System pullen-und 


schoy en werks 


This Month‘s Cover 


Fundamental to the precision of 


any machine tool positioning 
control is its measuring system. 
The need for greater precision 
has lead to a new class of linear 
transducers—typified by the 
four “slide rules” shown sche- 
matically. Each can signal the 
position of a machine tool 
table to within 0.001 in. or less. 
Can you identify them? If not, 
see below. To find out how they 
work, “A Critical Evalua- 
tion of High-Precision Electro- 
mechanical Linear Measuring 
Systems,” starting on page 128. 


see 
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War Head—Das loudenboomer 
Nuclear Warhead 


loudenboomer 


Das eargeschplitten 

Hydrogen Device—Das eargeschplitten 
loudenboomer mit ein grosse bollen- 
ground and alles kaput 

Management Das Ulzurenbalden 

Grupe 

Das 


Engineer 


Engineering Aufguefen Grupe 


Project Das Schwettenoud 
ter 


Windtunnel 


Computing 


Das Huffenpuffen Grupe 
Das Schlidenruler 
Test Das 


Grupe 
Structural Pullenaparten 
Grupe 
Security—Das Schnoopen Bunche 
Administration—Das Table- 


gepaunder Grupe 


Contract 


Planning 
Nuclear 


Grupe 


Das Schemen Grupe 

Research—Das Whizkidden 

Facilities—Das 
schoven Bunche 

Support Equipment 
Crupe 


Engineering 


Deskge 


Das Garterbelten 


‘‘Human-Engineered” 
Technical Conference 


\ technical conference without forma! 


No 


papers you've read before in preprints 


papers? droning speakers with 
or can read later in proceedings? Too 
Well, the 
engineers have gone ahead and done 
it: The Fifth Human Engineering 
Conference, sponsored by the Office of 


Naval Research, September 26 and 27. 


good to be true? human 


Tulsa. Oklahoma, will consist of four 
informal 


all. No 


SEV eral 
That’s 


panels and group 


conferences. papers. 
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is container holds the solution 


to most sleeve bearing problems 


The container holds PERMAWICKk . . the 
revolutionary ‘“‘self-wicking’’ lubricant. 


Permawick Solves Materials Problems. Because 
PERMAWICK is wicking material and oil com- 
bined in a single fluid form . . . it replaces all felts, 
related parts and separate purchasing and testing 
of individual components. 


Permawick Solves Production Problems. Because 
PERMAWICK is injected automatically by high 
speed production machines . . . it eliminates all 
costly hand insertion operations. 


Permawick Solves Design Problems. Because 
PERMAWICK is a fluid, injected under pressure 

it flows over ribs, around sharp corners and 
through small channels, to completely fill any 
shaped cavity. Bearings can now be designed with 
proper rib construction for maximum strength. 
Permawick Solves Oil Capacity Problems. Because 
PERMAWICK is 85.7% oil by weight .. . it 


provides twice the oil of felt systems, in the same 
size cavity. 

Today, leading manufacturers of motors, blowers, 
pumps and similar products are using PERMA- 
WICK as an important profit saving part of their 
production process. Whether you use solid or 
sintered type sleeve bearings, PERMAWICK can 
solve your specific problems. Write for complete 
information. 


*A PATENTED PRODUCT BY 


COMPANY 


5319 EAST OUTER DRIVE 
DETROIT 34, MICHIGAN 
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Now 


Kurz-Kasch announces an important 
development; the ability to mold epoxy 
parts—in intricate shapes, with in- 
serts—in large production quantities, 
with molding cycles and economy com- 
parable to conventional thermosetting 
materials. 


KY 


The material is molded by techniques 
developed by Kurz-Kasch from resinous 
materials supplied by Booty Resineers 
Inc., Newark, Ohio. 


It is no longer necessary to limit your- 
self to casting procedures to get the 
benefits of epoxy. Molding cycles are 
relatively fast; production costs are 
therefore low. Tooling costs are com- 
parable to other high-pressure plastics. 


ability to hold inserts, resistance to 
moisture and most chemicals, and ex- 
cellent insulating properties. Call your 
nearby Kurz-Kasch representative for 
quotes on parts molded of this material 
to your specs. Kurz-Kasch, Inc., 1415 
South Broadway, Dayton 1, Ohio. 


-_kurz-kasch 


SALES OFFICES—New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass., Walker 2-0065; 
Chicago, Merrimac 7-1830; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; San 
Gabriel, Cal, Atlantic 7-9633; St. Louis, Parkview 5-9577; Atlanta, Cedar 7-5516; Toronto, Can., Oliver 7986 
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Honest. (At least that’s the plan as 
last announced. ) 

More power to the human engineers 
and may this practice spread! 


As. 7. 


Signs of the Times 


This traffic regulating sign was re- 
cently observed outside General Elec- 
tric’s Specialty Control Department 
Plant in Waynesboro, Va.: “Visitors’ 
and Applicant's Parking Area.” The 
underscore is ours, 


Y. J. @. 


Letters to the Editor 


“Design Engineering Council” 


From: J. W. Trinkaus. 
Standards Engineer. 
Sperry Gyroscope Company 


Great Neck, New York 


It was with considerable interest that 
I read your “Plus or Minus” item in 
the June issue of ELecrricAL MANUFAC- 
TURING concerning a “Design Engineer- 
ing Council.” The hypothetical organ- 
ization which you describe is very 
similar in scope to an existing group, 
the IRE Professional Group on Produc- 
tion Techniques as modified by the 
Affiliate Plan. 

The objective of this professional 
group is to promote technical progress 
in the design and manufacture of elec- 
tronic equipment by manual or auto- 
matic means by collecting and dis- 
tributing information on new advances 
on methods, processes, materials, and 
components. This includes the ap- 
plication ‘of new materials and com- 
ponents and the details of how to 
improve operating simplicity, reliabil- 
ity, serviceability, cost, and appearance 
of equipment of all kinds, including 
miniaturization, encapsulation, circuit 
packaging. and new assembly tech- 
niques. 

Membership in this organization is 
open to all IRE members, as well as 
members of other approved technical 
societies (through the new IRE affiliate 
plan), such as: 


AIEE. ASME, AIChE, ASTM. 
Amer. Chemical Soc.. Amer. 
Management Assn., Amer. Soc. 
of Tool Engrs., and Society of 
Plastics Engineers 


This group not only meets most of the 
objectives which you have outlined, but. 
in addition eliminates the need for 
establishing a new national engineering 


group. 


Editor’s Comment: How do other EM 
readers react to Mr. Trinkaus sugges- 
tion that the IRE PGPT meets the 
specification for an across-the-board 
inter-society design council? 
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¢ Use Inquiry Cards To Get More Information on Any Advertised Product or Service 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on advertised products all 
advertisements have been given a key number. 
A corresponding number appears in the first 
grouping of the Reader Inquiry Service post 
card below. 

Simply circle the numbers that apply to the 
specific items in which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
if received by October |, 1957. 
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126 151 | 201 226 251 276 
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326 351 401 


127 152 227 252 327 352 
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128 153 203 228 253 
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Advertised Products 


Circle key numbers which appear at bottom of 
selected advertisements 


New Components and Materials 


See reviews of new developments starting on 
page 166 


New Literature 


See latest catalog and bulletin offerings starting 
on page 254 


Reprints of Editorial Features 


For article reprints available, without charge, 
see page 278 


NEW COMPONENTS NEW LITERATURE 


516 531 546 576 591 621 636 651 666 681 
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Manufacturing 


ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on advertised products all 
advertisements have been given a key number. 
A corresponding number appears in the first 
grouping of the Reader Inquiry Service post 
card below. 

Simply circle the numbers that apply to the 
specific items in which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
if received by October |, 1957. 
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¢ Use Inquiry Cards To Get Booklets, Bulletins, Catalogs and Other Printed Matter 
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surface barrier transistors from SPRAGUE 


RIO EAE AS RC ND IEEE 9 SNORE aR RR 


2N344/SB101 
for Medium Gain 
Amplifiers 


2N346/SB103 
for High Frequency 
Oscillators 


2N345/SB8102 
for High Gain 
Amplifiers 


actual 
size 


2N240/S85122 
for Computer 
Switching 


IN VOLUME PRODUCTION Yow/ 
[pS 


For general high frequency applications, and for 
high speed computer switching circuits, design 
around Sprague surface barrier transistors. They 
are available now in production quantities from a 
completely new, scrupulously clean plant, built from 
the ground up especially to make high quality 
semi-conductor products. 


ae say 


vant 


The four transistor types shown are the most popu- 
lar. Orders for these units are shipped promptly. 
What’s more, surface barrier transistors are reason- 
ably priced. High quality and excellent electrical 
characteristics make them an economical solution 
to many difficult circuit requirements. 


Sprague surface barrier transistors are fully li- 
censed under Philco patents. All Sprague and Philco 
transistors having the same type number are manu- 
factured to the same specifications and are fully 
interchangeable. You have two sources of supply 
when you use surface barrier transistors! 


WRITE FOR COMPLETE ENGINEERING DATA SHEETS ON THE TYPES IN WHICH 
YOU ARE INTERESTED. ADDRESS REQUEST TO THE TECHNICAL LITERATURE 
SECTION, SPRAGUE ELECTRIC CO.,307 MARSHALL ST., NORTH ADAMS, MASS. 


TRANSISTORS + RESISTORS + MAGNETIC COMPONENTS 
CAPACITORS « INTERFERENCE FILTERS * PULSE NETWORKS 


SPRAGUE 


the trademark of reliability 


HIGH TEMPERATURE MAGNET WIRE ¢ PRINTED CIRCUITS 
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| C36) CAPACITORS 
Sn TTT a 


SOLDER | Hi a 
| 1 ||| = ~——— compressia 
PAPER AND FOIL i 1 l PHENOLIC 
WITH SOLID - | 


IMPREGNANT 


VOLTAGE RATING VS LIFE AT ELEVATED 
TEMPERATURE FOR 95% RELIABILITY 


Dotted portion indicates 


region of unreliable operation 


COLOR CODE 


41000 HOURS 


43000 HOURS 


mud 1 YEAR 


“43 YEARS 


PERCENT VOLTAGE RATING 


95 105 115 
DEGREES CENTIGRADE 


GRAPH ABOVE shows outstanding temperature 
and voltage characteristics for 95% reliability. 





Solve critical space and 
temperature problems with 
subminiature PVZ* capacitors 


Low-cost molded units operate from —55C to +125 C 


Now immediately available for exacting appli- 
cations in commercial and military electronic 
equipment, these molded paper capacitors meet 
performance requirements of Characteristic “‘E”’ 
for MIL-C-91A. General Electric’s PVZ capaci- 
tors are priced substantially lower than compa- 
rable metal-clad tubulars. They are designed to 
operate for a minimum of one year at +125 C 
with no voltage derating. 


Completely solid after molding, PVZ capacitors 
feature the following advantages: 


@ small size 
@ excellent humidity resistance 


@ high lead-strength 


i 


4 ui 
| 








t 


' 


PVZ CAPACITORS range in size from .175” diameter by .625” 
length to .375” diameter by 1.0625” length. Capacitance ratings 





are available with + 20‘ 
code indicates microfarads, volts, 


@ insulated body—solid impregnant 


e@ high shock and vibration resistance 
e color code for easy identification 


General Electric PVZ capacitors are available 
at 100, 200, 300, and 400 volts. Microfarad ratings 
range from .00047 to .15. 


If you need a capacitor with the characteristics 
described above, ask your General Electric Ap- 
paratus Sales Engineer about PVZ tubulars. He 
can give you expert application information. He 
can also arrange for immediate delivery of PVZ 
capacitors from factory stock in most ratings. 
For descriptive data write for bulletin GEC-1452 
to General Electric, Section 447-2, Schenectady 
5,:N. ¥. 


*Trademark of the General Electric Co. 
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Progress /s Our Most /mportant Product 
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and capacitance tolerance. 





AUTOMATIC ELECTRIC IGNITION SYSTEM 


FOR 


GAS CLOTHES DRYERS 


another Time Tested product. by 


McQUAY-NORRIS 


Manufacturing Company + 2326 Marconi St. 


. Louis 10, Mo. 


ALSO MAKERS OF solenoid gas valves for appliances 


and furnaces * liquid dispensing valves * pressure switches 


contactors * vacuum switches + LPG solenoids 


Your inquiries are invited! 
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You don’t have to wait for “wonder alloys” 


Remarkable temperature compensation, controlled low 
expansion, high permeability, predictable response to 
very weak electrical signals, improved glass-to-metal 
sealing are here today. 


In miniaturization, instrumentation, electronics . 
wherever the push is on to make products smaller, 
lighter, more accurate . . . new challenges are being 
met every day by Carpenter High Nickel Alloys. 


l'oday, Carpenter has the most complete line of proven 


alloys available for these specialized applications. Let’s 
discuss their part in your present and future NOW! 


Complete information on Carpenter High Nickel Alloys is 
contained in the most authoritative and useful set of book- 


lets ever published on this type of alloys. We'll be glad to 
see that you get the data you need if you'll drop us a line 


on your ce ompany letterhe ad. 


4 high nickel alloys 
The Carpenter Steel Company, 115 W. Bern St., Reading, Pa. 
Export Dept.: The Carpenter Steel Co., Port Washington, N. Y —“CARSTEELCO” 
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BETTER INSULATION — 
through constant research. 


Moisture-laden hot-spot 
calls for some cool figuring! 


Superior design of Louis Allis 


electric motors pays off under severe heat-humidity conditions 


This paddle-agitator drive gets a steady bath of 
searing hot vapors from the trough below. Yet, the 
Louis Allis motor has given continuous and reliable 
service. Here are the special design techniques that 
make this possible: 

Special attention to insulation — Louis Allis spon- 
sors continuous research into new insulating mate- 
rials. One example: Louis Allis engineers were first to 
combine Gilsonite with phenolics and alkyds. The 
result is a varnish with the highest degree of mois- 
ture, acid, and alkali resistance — extra-long life for 
all motor uses whatever your design problem. 

Special care in manufacturing—Quality control of 


all materials . . . careful inspection .. . rigid test... 
all of these add up to the highest quality standards 
in the industry to assure you of continuous fine 
performance, dependability under any condition. 

These and other Louis Allis extras—such as locked 
bearings for longer wear, positive lead identification 
for easier maintenance, and dynamically balanced 
rotor for quieter operation — could be the answer 
to your special design problems. 

The complete story is in our Bulletin 1700. May 
we send it to you? Contact your nearby Louis Allis 
District Office or write The Louis Allis Company, 
428 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE-SPEED DRIVES 
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Give those fine appliances a break! 


Invest in the very BEST...the BLUE CHIP Cord Sets 


that give better service, LONGER 


Designed, engineered and produced 
to YOUR specifications... 
backed by the Know-how of an 


experienced staff. 
All Cord Sets 


available in 


CONSULTATION WITHOUT OBLIGATION 


to match 


your appliances, 
both in Rubber 
and in Plastic 


an Seesmencies 2 Sar ahd es 


upport your locol 
ADEQUATE 
WIRING BUREAU 
Pr 


Ceustom 
CORD SETS 


‘‘Made by Engineers for Engineers 


CORNISH WIRE CO., inc 
50 Church Street 


New York 7,N.Y 
~CORDS AND CORD SETS FOR HOME, FARM AND INDUSTRY 


pe 
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WORM GEARING «+ * THREAD GRINDING 
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CHICAGO 47, ILLINOIS 
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G.S. tangential cutting of Worm 
Gears produces a superior finish 
on the Gear teeth. Generating flats 
common to “‘in-fed’’ cut Worm 
Gears are eliminated. 


Where maximum area of contact 
between Worm and Worm Gear is 
a requirement, tangential feeding 
is a must. This is especially appli- 
cable in the case of multiple thread 
worms with high lead angles. 


Whether your needs call for me- 
dium-coarse or fine pitch ranges, 
G.S. men, methods and machines 


MMO (UK. 


can be depended upon to produce 
tangentially cut Worm Gears to 
consistently meet the most exact- 
ing specifications. 


If more uniformly accurate Small 
Gearing in production runs is a 
consideration in your business, by 
all means, tell us about your needs 
now! The specialized skill and long 
experience of our competent engi- 
neers can lend you valuable aid. 
Ideas, suggestions and cost esti- 
mates incur no obligation. Write or 
phone today. 


G.S. technical data, free! See where and 
how we mass-manufacture Small Gearing 
to uniformly fine tolerances. Folder con- 


tains 23 pictures of Small Gears, plant view, as well as Diametral 
and Circular Pitch Tables. Ask for your copy on company 


stationery, please! 


ff Yeats of Luecialiging tn Small Gearing! 


Circle 120 on page 17 


29 





“a sang modern 


fits new 


Fit for laiting Cualily—from fine lo Murki/ 





enamel wire 
exacting coil designs! 


New processes and controls 
assure uniform quality: 


Uniform over-all size —for uniform windings. 


Uniform softness with high tensile strength 
for tighter windings, reduced breakage. 


Uniform spooling, larger packages for lower- 
cost windings. 


Uniform property bclance for good flexibility, 
solvent resistance and dielectric strength. 


Any time magnet wire is your problem, 
consult Phelps Dodge for the quickest, easiest answer! 


FORT WAYNE, INDIANA 
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wrapping up a problem in electronics 


Approx. 2Y2 tim 


, 
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.Coatings for 
sub-assemblies 
suggest other jobs for DUREZ phenolic RESINS 


IF YOU ARE FACED with asituation requiring exception- 
al properties in a bonding, impregnating, or coating agent, 
consider what Erie Resistor Corp. accomplished when it 


turned to Durez resins for its Pre-Assembled Components. 


DEVELOPED TO EFFECT major cost reductions for elec- 
tronic equipment manufacturers, these Erie‘ PAC” circuits 
combine capacitors and resistors in unitized packages for 
quick installation in a printed circuit board. Complete 
flexibility of design is offered in modules combining up 
to 90 components in one pac kage.’ 
INSULATING PROPERTIES, me- 
chanical strength, and heat resistance 


of Durez thermosetting phenolic are 
key factors in the protective dip-coat- 


ing applied to “PAC” units. With Durez, Erie meets its 
own requirements that no migration or peel-back of insu- 
lating material occur when a soldering gun is applied. 
In the dip compound the resin produces a material that is 
free from running or sagging. The slight porosity of 
Durez allows Erie’s protective wax Coating to penetrate 
to a depth that insures complete insulation, and it cures 
to a hardness that permits stamping or color coding 


Can the remarkable properties of Durez thermosetting 
phenolic resins solve a problem for you? Whether 
thermal, electrical, or mechanical characteristics come 
first in the application you may have in mind, why not 
look into Durez now? Feel free to call on our long ex- 
perience with these materials. 


Phenolic Plastics that Fit the Job 


DURE2Z PLASTICS 


HOOKER ELECTROCHEMICAL COMPANY 
1308 WALCK ROAD, 
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Waldes Truarc Retaining Rings Eliminate Machining 
and Parts—Cut Assembly Time on Drill and Tapper 


Beco Model 410 Drill and Tapper 


The Batchelder Engineering Co., Inc., Springfield, Vermont uses 
4 different sizes of 2 different type Waldes Truarc rings in 
their new BECO Model 410 Automatic Drill ond Tapper. Truarc 
rings speed assembly, reduce machining, improve design. 


ALTERNATE DESIGN TRUARC DESIGN 


Clamp Cylinder Rod Stop Assembly 


Truare ‘“E’’ Rings (Series 5133) replace stop nuts in the Clamp 
Cylinder assembly. They eliminate need for threading 2 rods 

.the danger of cross-threading nuts...and costly rejects 
Truare Rings cut assembly time and cost. 


ALTERNATE DESIGN TRUARC DESIGN 


Bell Crank Pivot Assembly Hopper Cylinder Anchor Pin Assembly 


Truare Rings (Series 5100) in Bell Crank Pivot assembly per 
mit grease hole not possible with cotter pin fastener. Use of 


2 Truarc Rings (Series 5100) secure and position end of verti 
cal air cylinder. Rings eliminate extra cost of machining 3 
nuts would have increased machining and assembly costs diameter pin, threading and undercutting... plus nut and 
considerably. washer. Assembly is quick and sure. 


Whatever you make, there’s a Waldes Truarc Re- different sizes within a type...5 metal specifications 
taining Ring designed to improve your product... to and 14 different finishes. Truarc rings are available from 
save you material, machining and labor costs. They're 90 stocking points throughout the U. S. A. and Canada 
quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 
are precision engineered and precision made, quality 
controlled from raw material to finished ring. 


More than 30 engineering-minded factory repre- 
sentatives and 700 field men are available to you on 
call. Send us your blueprints today...let our Truarc 
engineers help you solve design, assembly and pro- 
36 functionally different types...as many as 97 duction problems... without obligation. 


For precision internal grooving and undercutting...Waldes Truarc Grooving Tool! 


WALDES Waldes Kohinoor, Inc., 47-16 Auste! Place, t. 1. C. 1, N.Y. 


Please send the new supplement No. 1] which 
brings Truarc Catalog RR 9-52 up to date. 
(Please print} 
\ if Name 
.® Title 


on Ay\ Company 


RETAINING RINGS Business Address 


a f=  WALDES KOHINOOR, INC. Zone . State 
L \ 47-16 AUSTEL PLACE, L. 1. C. 1, N. Y. 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081 
2.544.631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countrie 
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What's light as a... Pg 


The 48-frame motor 
by Westinghouse! 





modern terminal board! 


' Easy to mount ...threaded conduit hole! 


powered by a 


WESTINGHOUSE 


fractional horsepower motor 


Dependable . . . because it’s 
Westinghouse! 


AUGUST 195 


What do you look for in an FHP Motor? 


Whether you are a manufacturer, designer, buyer or engineer, there 
are certain features you look for when you buy fhp motors. You 
want a motor that is light. .. powerful... compact... quiet ... and 


long lasting. 


These are just a few of the features you get in 48-frame motors by 
Westinghouse! Feature by feature, there are no finer motors on the market! 
Don’t take our word for it... compare. Here are the facts... 


Fact 1: The Westinghouse 
48-frame is up to504 lighter 
than motors of comparable 
power! For you this means 
lighter equipment, reduced 
shipping costs. 

Fact 2: The Westinghouse 
48-frame gives you true all- 
position mounting. Positive 
oil return system provides 
excellent lubrication in any 
position. 

Fact 3: The Westinghouse 
48-frame gives you spade 
mounting (plug-in), stand- 
ard terminal stud connec- 
tions, and shur-plug for 
changing rotation. 

Fact 4: The Westinghouse 
48-frame threaded conduit 
hole assures faster assembly 
on your production lines, 
fewer connector parts and 
positive connections. 

Fact 5: The Westinghouse 
48-frame is Westinghouse! 
This distinctive tag is your 
guarantee of quality, per- 
formance, and long life. 


Want More Facts? Call your nearest Westinghouse sales engineer, or 
get your copy of the 48-frame booklet giving all the features in 
detail. Just fill out and mail this coupon... J-03034 


you CAN BE SURE...1F irs 


Westinghouse 


giz, 


wy 


Small Motor Division, Lima, Ohio. 
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WESTINGHOUSE ELECTRIC CORPORATION 
Small Motor Division, P. O. Box 566 
Lima, Ohio 
Send me your 48-frame booklet. 
Name 
Title 
Company 


Address 


City 





For fabricated plastic laminates... 


LET MICA MAKE IT! 


It makes sense ...saves dollars, too...to use Mica‘s experience, facilities and know- 
how to design, fabricate and machine your laminated plastics requirements. 


If it’s savings you’re after, let MICA make it. 
You get quality, uniformity, prompt delivery. 
Consistency of base materials and workmanship 
all are our undivided responsibility. We know our 
materials and their working properties, and have 
equipment specially adapted for this work. 


If it needs special properties, let MICA make it. 
We produce phenolic, melamine, silicone, poly- 
ester and epoxy laminates with paper, linen, 
canvas, asbestos and fibrous glass bases. Properties 
can be readily varied to meet special requirements. 


If it needs special machining, let MICA make it. 
We're equipped to do punching, drilling, routing, 
sawing, turning, tapping, boring, threading, mill- 
ing, engraving, hot stamping, fungus-proofing, plus 


many special operations. 


If it needs creative engineering, let MICA make it. 
With our knowledge of a wide variety of mate- 
rials, our complete fabrication facilities and our 
experience with thousands of applications, we can 
design and manufacture prototype materials and 
parts, and conduct tests, experimental and develop- 
ment work through every stage to delivery of 
finished parts. 


We can also mold parts of glass-reinforced poly- 
ester resin and sCOTCHPLY® reinforced plastic, 


If you have a fabrication problem now, send us 
prints and specifications for a prompt quotation. 
If engineering assistance is needed, we'll be glad 
to work with you. 


SCOTCHPLY® is a registered trademark of Minnesota Mining and Manufacturing Co. 


MICA INSULATOR COMPANY ss scuenectavy 1, new york 


Subsidiary of Minnesota Mining and Manufacturing Co, e 
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INERTIAL GUIDANCE 

Few areas of engineering or science offer greater 
problems — or greater opportunity for achievement — 
than inertial guidance. At Lockheed Missile Systems, 
engineers and scientists are performing advanced 
work on all phases of inertial guidance and navigation. 


New positions have been created for those possessing 
backgrounds in mathematics, physics, electronics, 
servomechanisms, flight controls, precision 
instrumentation and computer design. Openings are on 
the Sunnyvale, Palto Alto and Van Nuys staffs. Those 
possessing strong interest in inertial guidance are invited 
to write the Research and Development Staff at 
Sunnyvale 37, or Van Nuys 3, California 


Here R. G. Rickey (left), components specialist, 
discusses new accelerometer designs with E. V. Stearns, 
head of the Inertial Guidance Department. 


A 


MISSILE SYSTEMS DIVISION 


LOCKHEED AIRCRAFT CORPORATION 


PALO ALTO + SUNNYVALE + VAN NUYS 


CALIFORNIA 





for applications demanding DEPENDABLE INSULATIONS 


ESSEX 
exrrates® WMA AGNET 
WIRE 


Quality controlled by tests 
exceeding accepted standards 


Consistently trouble-free performance characterizes the 

use of Essex Extra Test Magnet Wire. It stems from close 
quality control maintained at every step in fabrication. 
Illustrated above is one example...the continuity test used for 
measuring breaks in insulation. By this, and similar controls, 
does Essex produce Magnet Wire to the industry's most 
severe specifications. Essex only makes one quality... and 


that’s Extra Test. It costs no more to be sure by using SX. 


APPLICATION... 4 ‘ae 2 ; PACKAGING... 


Essex Extra Test Magnet Wire 4 4 Essex Extra Test Magnet Wire 
downtime . .. speed is available in Metal or Fiber 
: containers (MAGNA-PAK®) or 
in commercial reel or spool 
put ups. Distinctive labeling as- 
sures fast, accurate identifica- 
tion. MAGNA-PAK containers 
ore palletized for shipment; 
i storage. 


ESSEX, MAGNET WIRE 


DIVISION ESSEX WIRE CORPORATION, Fort Wayne 6, Indiana 


MANUFACTURING PLANTS — Birmingham, Alabama; Anaheim, 
California; Fort Wayne, Indiana; Detroit, Michigan. 


SALES OFFICES AND WAREHOUSES* 


*Birmingham, Ala. Fort Worth, Texas *Portland, Oregon 
*Chicago, Illinois Hartford, Conn. Rochester, New York 
Cleveland, Ohio Indianapolis, Ind. *Saint Louis, Mo 
Dallas, Texas Kansas City, Mo. *San Francisco, Calif 
Dayton, Ohio *Los Angeles, Calif. Upper Darby 
Detroit, Michigan Milwaukee, Wisc (Philadelphia), Pa 
Fort Wayne, Indiana *Newark, N. J. 


Distributea natiorally to the repair and maintenance industry through Insulation and Wires, Incorporated 
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now... 
SCL hihi Clit taek 


mm by Ce 


GERMANIUM 


New Clevite Germanium - Silicon Alloy 
Gold Bonded Glass Diodes, now available 
for immediate delivery. 


Better high temperature performance than CLEVITE 
germanium. 


Higher forward conductance at lower volt- 
ages than silicon. 


All germanium RETMA specifications can 
now be met at higher temperatures with 


these new Germanium-Silicon alloy diodes... 
plus increased reliability at all temperatures. 


For complete information write or phone for 


Engineering Bulletin B-215. TRANSISTOR PRODUCTS 


241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330 


(= (03 : stil | PT , ides 


Brush _ Cleveland Graphite Clevite Harris A Division of Clevite Corporation 
Electronics Co. Bronze Co. Products Inc. Clevite Ltd. Research Center 
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Mallory Motor Starting Capacitors 


give Years of Trouble Free Service 


Ask the engineers who design motors—ask starting and cut-out timing—and rugged, 
those who build them—ask the men who plastic-cased, moistureproof construction. 
design motors into equipment assemblies— 
or ask the service engineers . . . they can all 
tell you that Mallory motor starting capac- 
itors are tops for any job. 


Mallory offers these motor starting capacitors 
in a broad range of standard types. If your 
problem is one of special requirements, call 
on Mallory’s engineering design service 
Mallory is the world’s largest manufacturer _ for assistance. 

of these capacitors. Their reputation in the 

motor field has been built on delivering years Like to have a copy of Mallory’s booklet— 
of trouble-free service—the kind that saves “Electrolytic Motor Starting Capacitors’? 
their customers the expense and embarrass- It contains a complete appraisal of the 
ment of field failures. Mallory capacitors Soe eee ces tai 
offer longer operating life—indefinite shelf r 


: : 5 : representative for a copy of Bulletin 
life— precise capacity for high-torque 4-21.—It’s free. 


Expect more...get more from 


Serving Industry with These Products: 


RY & CO. Inc. 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators AAT 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts © Special Metals * Welding Materials ; 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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Now Du Pont TEFLON® 
can be bonded with 
commercial adhesives 


Where a non-slippery surface on 
TEFLON is required, a newly developed 
chemical treatment renders a surface to 
which conventional adhesives adhere. 
As a result, good bonding strength can 
be achieved between TEFLON and wood, 
glass, steel, aluminum, copper, ceram- 
ics, plastics -- and, in fact, any material 
which will bond with an adhesive. 


The design possibilities are virtually 
unlimited. For example, cementable 
TEFLON is so slippery on its untreated 
side that not even the stickiest product 
will adhere permanently. TEFLON ce- 
mented to machine rollers and flat sur- 
faces form low-friction facings. Pres- 
sure-sensitive adhesives are available to 
provide pressure-sensitive tapes. As 
cementable tape, TEFLON is convenient 
for use in electrical applications, where 
it offers extraordinary heat resistance 
and outstanding dielectric properties. 
The chemical inertness of TEFLON 
makes it a natural for use in corrosive 
environments. Tubing, cylinders, rods, 
and bars made of TEFLON are also ob- 
tainable with treated surfaces. 

TEFLON tetrafluoroethylene resin is 
inert to nearly all chemicals and sol- 
vents in commercial use. The few ex- 
ceptions to this include attack by the 
alkali metals under certain conditions. 
At high temperatures and pressures, hal- 
ogens and certain halogenated chemi- 
cals and solvents may also affect 
TEFLON. 


Cementable TEFLON offers new scope 
to imaginative designers in the electrical 
industry. It may help you find a simple 
answer to a difficult design problem. 
Get more information about this new 
development by mailing the coupon. 


TEFLON® 


is a registered trademark... 


TEFLON is the registered trademark 
for Du Pont tetrafluoroethylene resin, 
and should not be used as an adjec- 
tive to describe any other product or 
any component part; nor may this 
registered trademark be used in 
whole, or in part, as a trade name for 
any product. 


NON 


Heavy-duty parts of compounded TEFLON® 
show no wear after 500,000 operating cycles 


CAM FOLLOWERS Of compounded TEFLON 1 
are used in switches to control the slow- 
ing down of elevators and to activate door- 
opening mechanisms. The compounded 
TEFLON shows no measurable wear after 
500,000 operations. Use of TEFLON in door- 


Du Pont TEFLON is used in heavy- 
duty electrical mechanisms because 
of its combination of excellent insu- 
lating properties and toughness. Cam 
followers of compounded TEFLON 1, 
for instance, have excellent abrasion 
resistance. They are also much 
quieter in operation than any other 
materials tested. 

Wherever critical requirements are 
encountered in electrical machinery, 
TEFLON can be an aid in design. 
TEFLON tetrafluoroethylene resin is 


opening mechanism is illustrated. Cam 
followers are fabricated of compounded 
TEFLON (trademarked RuLton by Dixon 
Corporation, Bristol, Rhode Island), for 
the Otis Elevator Company, New York 
City, New York. 


rated for operation at temperatures 
up to 500°F. Its power factor is less 
than 0.0003 from 60 cycles to 3,000 
megacycles. Surface resistivity is 
greater than 10'? ohms, even at 
100% relative humidity. TEFLON has 
superior arc resistance and high di- 
electric strength. 
* 

It may pay you to investigate the use 
of TEFLON for electrical components or 
for machine parts you manufacture. 
Simply mail the coupon below. 


E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 


SEND FOR 
INFORMATION 


Room 158, Du Pont Building, Wilmington 98, Delaware 
Please send me more information on DuPont TEFLON tetrafluoro- 


ethylene resin. | am interested in evaluating this material for 


Mail this coupon for addi- 
tional property and appli- 
cation data on TEFLON. 


Name 
Company 
Street 


City 


Type of Business 
tn Canada: Du Pont Company of Canada (1956) Limited, P. 0. Box 660, Montreal, nition 
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Hermetically 
Sealed 
125°C 


BUTTON CAPACITORS 


Sangamo’s design engineers have developed these hermetically 
sealed mica button capacitors especially for high frequency 


applications under severe humidity and temperature conditions. 


The unique internal design results in low inherent inductance 
—ideal for application al frequencies up to 500 megacycles per 
second in tuning, coupling and by-pass circuits. The silver 
plated case serves as both the low potential terminal and as 


- an electrostatic shield. 
HIGH RELIABILITY MANUFACTURING FACILITIES 
Sangamo’s “controlled conditions” facilities for the These units meet all requirements for V.H.F. and U.H.F. appli- 
exclusive manufacturing of high reliability capacitors 
assure really fine capacitors for your most critical 
military or industrial applications. 


cations and meet Joint Army-Navy specification MIL-C-10950B 
(proposed). Operating temperature range is from —50°C to 
ey. Specify these high reliability capacitors for your most 


, critical applications. Write for new Catalog 2311 on Sangamo 
ak Silvered Mica Button type capacitors. 
CY x 2) FIVE TYPES AVAILABLE—Stand-off with ground lug, Stand-off 
— KK — without ground lug, Feed-thru without mounting lugs, Stand-off 
wane r J without pedestal, and Feed-thru with mounting lugs. 
. a3 \ 


SANGAMO ELECTRIC COMPANY 


Electronic Components Division 


SPRINGFIELD, ILLINOIS 
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when good designers get together... 


They recommend connectors made the ILSCO way greater than much heavier and larger cast alloy 


because they know they get these important added types. You save space, handling trouble and money. 


benefits: Ilsco connectors do not overheat. Under normal 


conditions, operating temperatures remain as much 
as 50% below permissible Underwriter Laboratories 
maximums. That means greater safety, fewer trou- 


; ; ble spots in your layout. 
e 100% pure electrolytic seamless copper gives 


Ilsco connectors 100% conductivity. The copper is : 
cold-worked to preserve its natural properties. Find out how much time, trouble, worry and hard 

e Compact, light-weight Ilsco connectors pos- cash you can save. Write for your free copy of Cata- 
sess strength, secureness and capacity equal to or log #50 and samples. Dept. F-8, 


CONNECTORS ¢® FABRICATED TUBES @® NEUTRAL BARS 
- = ‘ 
aS 5 i = I) 1, 


S$ @Re eGR AF I 
4730 Madison Road « Cincinnati 27, he U.S.A. 


Join the ranks of Ilsco’s satisfied customers. 


SOLDERING LUGS ¢ STAMPINGS @¢ TERMINAL BLOCKS 
SHADING COILS e¢ WIRE-REINFORCED FUSE CLIPS 
IIsco of Canada, Ltd., 25 Carson St., Toronto, Ontario 
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Designers 
Packaged, easy-to-install Speed Variators give 
machines you build wide-range adjustable speed 


On milling machines, lathes, boring 
mills, and other machine tools, you can 
build in improved production conti- 
nuity and greater versatility of product 
output with a General Electric pack- 
aged Speed Variator. This system- 
engineered adjustable-speed drive pro- 
vides closely controlled speeds and a 
wide range of speed adjustment. 


Pre-engineered, assembled, packaged 
and tested to your specifications before 
it leaves the factory, this G-E drive 
features easy, low-cost installation. 
Just set the components in place—d-c 
drive motor, space-saving power unit, 
and operator’s control—and connect the 
load. Power unit and control can be 
located wherever convenient. 


Tar, 


BREST TPE 


A wide selection of available ratings 
and speed ranges in the basic unit 
meets most adjustable-speed needs. To 
match your particular needs still more 
closely, other features can be added, 
including dynamic braking, jogging, re- 
versing, and regulation (amplistat, 
electronic, or amplidyne). See Bulletin 
GEA-6127. 


<4CONSTANT CUTTING SPEED is provided by 
this General Electric Speed Variator, driv- 
ing lathe for machining jet turbine wheels. 


New small-diameter tachometer generators measure and regulate motor speeds 


In speed-regulated drive schemes such 
as those used for automated process 
machinery, speeds from 100 to 5000 
rpm can be accurately measured with 
General Electric’s new d-c tachometer 
generators, used with suitable instru- 
mentation. These lightweight (less than 
6!5 Ibs) units supply a signal source 
needed to maintain speed regulation. 

Also available are a-c tachometer 
generators weighing less than 4 Ibs. 
These units, of 4-pole construction, 
serve speed ranges from 400 to 5000 
rpm. 

Both units are less than 31% in. in 


diameter and totally enclosed. See 
D-c tachometer generator A-c tachometer generator Bulletin GEC-1405. 
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Digest 


PRODUCT 
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General Electric numerical positioning control systems 
increase machine-tool productivity and accuracy, cut waste 


With General Electric numerical posi- 
tioning control designed into the ma- 
chine tools you build, your customer 
can: 


Raise machine productivity by eliminat- 
ing time-consuming making and setting 
of templates, allowing more time for 
productive work; 


Raise machine accuracy because NPC 
can maintain accuracies up to +.0005 
in. automatically, without operator 
judgement; 


Reduce spoilage because NPC auto- 
matically directs the machine and 
removes the factor of human error; 


Raise machine speed since NPC can be 
programmed to utilize optimum ma- 
chine horsepower feeds and speeds pre- 
chosen by engineer. 


Easily apply it, where point to point 
positioning is required, to turret-type 
punch presses, step turning lathes, 
shears, riveting, placement, milling, 
boring, and drilling machines. 


New coolant-pump motor 
has long bearing life 


For long bearing life, this new General 
Electric fractional-hp motor has large 
grease reservoirs that hold a supply of 
a new, moisture-resistant grease that 
lasts for 10 years of normal motor 
operation. Specially designed for ma- 
chine-tool coolant pumps, the motor is 
totally enclosed to minimize the danger 
of damage from entrance of metal and 
dirt particles, provide operating de- 
pendability. Unified insulation system 
permits extra-long motor life. Mounting 
can be either horizontal or vertical, 
direct-coupled to your pump. Ratings 
are 14 to *, hp. See Bulletin GEA-6582. 
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FIRST USE OF PRE-PUNCHED TAPE in G-E numerical positioning control is on this resistance 
welding machine made by National Electric Welding Machines Co. It makes 1650 spot 
welds on automatically positioned liner of jet engine afterburner for General Electric’s 


Small Aircraft Engine Department. 


With this method for automatic pro- 
gramming of machine cycles, the 
operator merely pushes start button 
and machine automatically runs 


Metal cabinet (r.) houses positioning control. 


through sequence of operations re- 
quired. Speed, accuracy, and length of 
motion can be individually selected for 
each application. See Bulletin GEA-6594. 


Machine-tool load indicator applies to any a-c motor 


A continuous visual check on all a-c 
motors—in any horsepower, voltage or 
commercial frequency—is provided by 
General Electric load indicators. Stan- 
dardizing on one indicating instrument 
in your machine-tool designs gives you 
availability, stocking and price benefits. 


Easy-to-read color scale shows safe, 
caution and danger zones. Indicator is 
calibrated in per cent of motor full 
load current; no need to know actual 
current. Wide variety of sizes includes 
415-in. type with 3-in. scale (shown) 
314-in. type with 2-in. scale, and con- 
centric-scale types in 4!4-in. and 8°, 
in. sizes. See Bulletin GEC-368. 


General Electric Co., Apparatus Sales Division 


Please send me the following bulletins: 
¥ for reference purposes 


GEA-6127 Packaged speed variator 
GEA-6594 Numerical positioning control 
GEC-368 Panel Instruments 


Name 
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"ULC LOAD CURRENT 


, Section C668-135, Schenectady 5, N. Y. 


X for immediate project 
GEA-6582 Coolant pump motor 


GEC-1405 Tachometer Generators 





Microsize FLEXLOC locknuts help you design 
smaller assemblies and fasten them securely 


Hex. Across 
Across Flats Height Corners Height 


Standard microsize Frextoc locknuts are available in brass 
(plain or cadmium plated) and aluminum (plain or chemically 
treated) for temperatures up to 250°F; in alloy steel (plain or 
cadmium plated) and 18-8 stainless steel (silver plated) for 
temperatures up to 550°F. 


STANDARD PRESSED STEEL CO. 


FLEXLOC LOCKNUT DIVISION 


JENKINTOWN PENNSYLVANIA 
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Microsize FLExLoc locknuts save space and 
reduce weight in electronic equipment, instru- 
ments, servomechanisms, and other small 
assemblies in which weight and bulk are 
important design considerations. Microsize FLEXLoc locknuts 
are smaller and lighter than regular FLExLocs of the same 
nominal diameter. They permit smaller mating joints or flanges 
—with no loss in holding power or convenience of assembly. 


Like regular FLEXxLOCs, microsize FLEXLoc locknuts are of 
one-piece, all-metal construction. No inserts to pop out or 
deteriorate; nothing to put together, come apart or get lost. 
FLEXLOcs lock and stay locked wherever wrenching stops. You 
can use them as locknuts or stop nuts. Vibration will not 
loosen them and they can be used many times over. 


For more information on microsize FLExLoc locknuts (or 
microsize FLExLoc self-locking clinch nuts), see your local 
FLEXLoc distributor or write STANDARD PRESSED STEEL CO., 
Jenkintown 9, Pa. 
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At Douglas, 
El Segundo, California 


MIL-W-5274A hook-up wire 
is used in the electrical, 

radio and radar components 
of the A4D Skyhawk 

and F4D Skyray. 


At Raytheon, 
Waltham, Massachusetts 


MIL-W-16878B high- 
temperature hook-up wire 
is used in classified 
airborne navigation and 


bombing radars. 


—__ 


At Burgess Battery, 
Freeport, Illinois 


JAN-C-76 general purpose 
hook-up wire is used to 
interconnect cells of dry 
batteries for portable 
military equipment. 
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At Boeing, 
Seattle, Washington 


MIL-W-5086 low tension 
airframe wire is used in low 
voltage circuits throughout 
the B-52 Intercontinental 
Jet Bomber. 


At Western Electric, 
Burlington, N. Carolina 


MIL-W-76A is used in the 
computer section of the 
Nike Ajax missile, wiring 
the input, calculator and 
output sections. 


At Chance-Vought, 
Dallas, Texas 


MIL-C-7078A shielded air 


frame wire is used near radio 


distortion-free operation 
of electronic equipment 
on the F7U-3 fighters. 


i. 


At North American 
Aviation, L. A., Calif. 


MIL-C-17B coaxial cable is 
used in high frequency 
radio and radar circuits on 
the F100 Super Sabre 
fighters. 
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and radar apparatus to assure 


FOR 
MILITARY 
SPEC WIRE 


AND CABLE 


leading manufacturers 
choose Brand quality, 
Brand service 


Turbo-Brand wires are manufactured 
under a program of scientific 
quality control to exceed the rigid 
requirements of these and other 
manufacturers the world over. 
Available as single conductors or as 
custom-designed multi-conductor 
cables, Turbo-Brand cable may be 
specified to incorporate any number 
of conductors, any combination of 
wire types, and any predetermined 
lay-up pattern. 

Your inquiry is invited. 


WILLIAM BRAND 
& COMPANY, INC. 


WILLIMANTIC 1, wus ConnecticUT 


Electrical and Electronic Wires and 
Cables » Harnesses and Cable Assem- 
blies * Plastic and Coated Insulating 
Tubings + Identification Markers 





TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


Shop Talk 


TAYLOR 


—_ ‘tl 
* 


risRe £0. 


Plants in Norristown, Pa. and La Verne, Calif. 


PHENOL IC— MELAMINE—SILICONE—EPOX Y LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


Tips for designers 


> 


rs 


\ 


Hose reel rollers, made of Taylor Grade C 
thick-walled phenolic tubing, are part of cable 
attachment for gas pumps . . . selected for good 
weor and corrosion resistance, high mechanical 
strength. 


Fluorescent tube ends are fabricated of Taylor 
Grade X phenolic laminate . . . for mechanical 
strength, electrical insulation qualities, good punch- 
ing and machining qualities. 


Rotary lawn mower utilizes abrasion resistance 
of Taylor phenolic laminate washer in slip-clutch 
attachment of drive shaft to cutting blade. 


Insert in face of golf club, made of Taylor vulcan- 
ized fibre . . . withstands severe impact . . . gives 
long-lasting, long-hitting surface. 


TAYLOR SUPERIOR 
COPPER-CLAD LAMINATES 


Taylor GEC (glass epoxy 
Copper-Clad and Taylor XX XP 
242 cold punching (paper- 
phenolic) Copper-Clad. Taylor 
uses high purity rolled copper 
on base materials with out- 
standing electrical properties. 


Both end pieces and the tube of this coil form assembly for radio frequency trans- 
formers are fabricated by Taylor for the Guardian Electric Mfg. Co. Taylor Grade 
G-5 sheet and tubing are used . . . for high mechanical strength, for high arc, flame 
and heat resistance, as well as superior tensile, flexural and impact strengths. 


Accurate laminated plastic components 
can shorten your production steps... 


If close-tolerance work—such as this 
coil form assembly for radio fre- 
quency transformers—is one of your 
problems, then check with Taylor. 
This complete part was fabricated 
to very close tolerances by Taylor’s 
Fabrication Division. The material 
— Taylor Grade G-5 laminate sheet 
and tubing— was selected for its high 
mechanical strength and for superior 
arc, flame and heat resistance. 


Precision fabrication of laminates 
and vulcanized fibre is difficult .. . 
but Taylor can and is doing it, in a 
great variety of Taylor grades, and 
to extremely close tolerances. Many 
manufacturers have solved their 
fabrication and assembly problems 
with the help of this Taylor facility, 
by having parts supplied completely 
fabricated to specified tolerances, 
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ready for final assembly. With spe- 
cialized equipment and advanced 
techniques, Taylor is prepared to 
simplify your production problems, 
safeguard delivery schedules, and 
eliminate inventory headaches. 


You can put Taylor’s Fabrication 
Division to work right now, helping 
to improve your product. Design to 
closer tolerances— Taylor can do the 
job. Taylor is equipped to handle 
any kind of fabrication— punching, 
drilling, grinding, forming, milling, 
and turning. You 
product . . 


improve your 
. reduce material costs. 


Taylor’s fabricating facilities and 
engineering staff are at your service. 
Contact your nearest Taylor sales 
engineer for a discussion of your 
particular requirements. 
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ENGINEERING DATA 


Size 4 A.C. Contactor Ratings* 


Three Phase 
KW. 


*The ratings listed are those recommended by the National Electrical 
Manufacturers Association. 


**These ratings apply to open or enclosed contactors. 
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NEW 
150-amp 
solenoid 
contactor 
extends 

proven line 


This new Size 4 A.C. solenoid contactor is ideal 
for use in motor starters and controllers for main 
line, accelerating and reversing purposes and 
for resistance heating and lamp loads as well. 

It’s the new Bulletin 4454—incorporating 
many advanced design features found on Ward 
Leonard’s Sizes 0 to 3 contactors. Check these 
outstanding features : 

New sintered-silver-cadmium-oxide contacts 
—can repeatedly handle high inrush currents 
without a sign of contact welding, excessive 
pitting or other damage. 

Simple, compact solenoid design—excellent 
for modern metal control panels using acces- 
sible front-of-board wiring, particularly useful 
where panel space is limited. 

Available with two or three main poles and 
up to 4 side-mounted auxiliaries. Also with pro- 
vision for mechanical interlocking and addition 
of overload relays. 

Completely described in Bulletin 4454. Write 
for your copy today. The Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, New 
York. (In Canada: Ward Leonard of Canada 
Ltd., Toronto. ) 
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LIVE BETTER... E/ectrically aoe 





“I’mia life-giving spring. . 


. . just an ordinary-looking coiled 
spring, made of stainless steel, I per- 
form my work in blood transfusion 


apparatus—always dependable—like 
every A.S.C. spring.” 


66 ° . . . . 

My job start things gomg .. . the rugged power spring that helps 
get your outboard motor going when 
you pull the cord, and I’m made from 

a tough spring steel produced at the roll- 

1957 ASSOCIATED SPRING CORPORATION ing mill of the Wailace Barnes Di- 

BRISTOL. CONN., U.S.A ° « . 
vision. In smaller sizes, I run clocks, 
movie cameras and other mechanisms.” 


Diving 
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f hey 


with Successtul Springs 


“We'll time your eggs... 
or turn off the current... 


. we’re the family of coil and flat 
springs that control the timing of your 
electric stove, dishwasher, clothes 
washer and dryer. Divisions of A.S.C. 
make all types of instrument springs.” 


& 
& 
& 
E 
‘ 
© 
£ 
E 
% 


* me up sometime... 


. and when your finger dials a Division of 
Associated Spring Corporation, I’m the spring 
that returns the dial after each number selection— 
always at your service.” 


Sao onto ARSE SCORE IELTS i ARE 
AS AEN MIMD: 


ET TCT IT 8 a 


“Tune meinonT V..\. Li . > | i | ... I’m not really a spring— 
i / Se, Lit] but A.S.C. engineers figured 
Fa, how to make tuning coils like 
“~< . Bin me with special coatings on a 

f spring winder. Jf you need a 
spring—or a thing that looks 

like a spring—see a Division of 


Send for Pamphlet N — it Associated Spring Corporation.” 
‘Designing Springs i 
for Performance” 


ox 
we cwd 


DIVISIONS OF We 
ASSOCIATED 


SPRING 
CORPORATION 


GENERAL OFFICES: BRISTOL, CONNECTICUT 
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GREATEST VARIETY! 


Whenever an insulating problem calls for mica, call on Macallen 
Mica for the correct solution. Close cooperation with the 
electrical industry for more than 60 years has led to the 


development of all mica products and combinations for every 
insulating purpose. 


SEND FOR CATALOG! 


It contains proof that Macallen Mica provides the right answers 
to your insulating problems. 


THE MACALLEN COMPANY 


BAY ROAD, NEWMARKET, N. H. 
565 W. Washington Blvd., Chicago 6, Ill. 
1231 Superior Ave., Cleveland 14, Ohio 


ih, 


a 
/*or » \ 
Mog? 1b 
In 


My; 
C4 


ANN 
ALU 


Cucle 139 on page 17 Circle 140 on page 17—> 











maa ehy 
MAINTENANCE 
ol a 










LLU 
Ud 


on “4 y 
awe d 
“a . a 
. _ Mus 









EATON 


UYNA-TOR 


MAGNETIC-FRICTION CLUTCHES and BRAKES 


FAST OPERATION °¢ SELF ADJUSTING « EFFICIENT 
SMOOTH, EASILY CONTROLLED ENGAGEMENT 
WIDE RANGE OF SIZES AND CAPACITIES 





Ask us for Illustrated Descriptive Literature 


DYNAMATIC DIVISION 


3307 FOURTEENTH AVENUE KENOSHA, WISCONSIN 


\ 


Fi P » A Lid 


Hi. Fr: 


OR 


Eddy-Current Equipment Can Solve Your 
Adjustable Speed Drive Problem 


Need a big 20,000 horsepower drive? Or a compact, low- 


cost 1/, horsepower drive? For either requirement—or for 
any of the thousand-and-one applications between these 
extremes—Dynamatic Eddy-Current Drives, Couplings, and 
Brakes provide the ideal solution to difficult speed or torque 
control problems. Their efficiency and economy are being 
proven every day in every major industry—in both plant 
equipment and end product applications. Dynamatic equip- 
ment offers such important advantages as instantaneous re- 


sponse, infinitely adjustable speed control, wide speed range, 
Write today for illustrated bulletins describ- 
ing Dynamatic Eddy-Current Couplings and 7 
Drives—the modern method of speed control. adjustable speed from an AC power source. 


7s=">s—BVOAMATEC O(VISiIOR————"—"— 
EATON MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE * KENOSHA, WISCONSIN 


quiet operation, low power loss, low maintenance costs, and 





THERMISTOR DEVICES GIVE 1 10 100 
POINT TEMPERATURE CONTROL 


Fenwal Units’ 
Accuracy is 
.25% of Scale 


ASHLAND, MASS. — Fenwal en- 
gineers here have designed a new 
Controller using a thermistor and a 
simple electronic circuit, and the re- 
sult is a temperature-control system 
versatile and accurate to within .25% 
of scale. 

The thermistor principle is this: 
the electrical resistance of the sensing 
element decreases as its temperature 
rises. The resistance changes for very 
small temperature changes are large, 
making extremely accurate tempera- 
ture measurement possible. 

In the Fenwal system, the thermis- 
tor, with its amazing sensitivity and 
fast responses, feeds an electronic 
bridge circuit that uses standard 
tubes. The small thermistor probe, 
available in several styles, is mounted 
at the point you wish controlled. 

You can mount the compact Unit 
Controller up to 200 feet away from 
the control point without losing sensi- 
tivity. You can connect it with ordi- 
nary lamp cord. 


Tailor-Made Designs 


But possibly the biggest news in 
the design is the way the Unit Con- 
trollers can be assembled with a com- 
mon power supply, like building 
blocks, to provide you with a central 
system serving up to 100 control 
points. 

The units are, of course, ideal for 
use singly as well —- each unit serving 
a single control point, each unit with 
its own power supply. 

The many possible combinations 
of units are known collectively as the 
Fenwal Series 53000. There are four 
standard temperature ranges for you 
to choose from: —100°F to 50°F; 
0°F to 150°F; 100°F to 300°F; and 
200°F to 600°F. Special ranges can, 
of course, be supplied in most cases. 

Each Controller includes a_po- 
tentiometer for temperature adjust- 
ment, which you can locate remotely, 
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FENWAL’S SERIES 53000 UNIT THERMISTOR CONTROLLER 


Serves a single temperature 


control point, but can be combined easily with others, like building blocks, to make up a 
central system serving up to 100 control points with a single master control if desired. 
You should know about this. Write Fenwal for details. 


if you wish. For multiple units, you 
can have a single master control. This 
control will let you adjust a complete 
system. while permitting compensat- 
ing adjustment for each individual 
Controller, too. 

These Thermistor Controllers are 
already serving hundreds of com- 
panies in many industries. Why not 
yours? You'll be surprised how inex- 
pensive good control can be. 

Designers and process engineers 
you will want to have details on this 
new advance in precision tempera- 
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ture control at your fingertips. Write 
for information on the Series 53000 
Unit Thermistor Controllers to 
Fenwal Incorporated, 18 Pleasant 
Street, Ashland, Mass. 


CONTROLS TEMPERATURE 
... PRECISELY 
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‘Trangitron 


Silicon 
Transistors 


ice 


high temperature 
operation 


Transitron’s NPN silicon transistors are de- 
ACTUAL SIZE 


signed for a wide range of small signal ap- 
plications in the power range up to 200 mw. 
They will provide dependable operation up 
to 175°C in circuits such as RF and IF 
amplifiers, video and audio amplifiers, servo 
control, switching, and many others. 


Moximum 
Minimum Moximum Collector 
Common Collector Typical Cut-Off . " . . i 
Emitter Voltage Cut-off Current at 25°C Manufactured by diffusion in the liquid phase 


Current Vee Peak Frequency at Ve Max 


Goin, B (volts) (me) (va) during crystal growth, these transistors are 


40 45 1 essentially free of parameter drift and in- 
40 30 nN stability common in conventional grown junc- 
40 15 " : , 
tion transistors. Through close process control, 


30 30 17 these units have exceptionally low I... up to 
30 15 17 


their maximum voltage and temperature rat- 
20 45 10 ings. As a result, performance reliability can 
20 10 


be achieved even at higher voltage levels. 
20 10 





For environmental stability, extensive temper- 
ature cycling and storage as well as mechanical 
and hermetic seal tests are included as a 
Send for Bulletin TE-1353 regular part of the manufacturing process. 





FEATURES... 


Low I.., typically under .02 ua 
Operation to 175 C 


200 mw Power Rating 


COMMON EMITTER OUTPUT CHARACTERISTICS 
High Frequency Operation 


an: a0 ae - 


High Temperature Tested 


Ic (ma.) 


Excellent Stability 


Welded Hermetic Seal 


COLLECTOR CURRENT, 


1 a = 
% 1 2 #8. 6--3. 27° F'3 S Rea eS 
yf COLLECTOR TO EMITTER VOLTAGE, Vce (volts) 


J 


TYPICAL COLLECTOR CUTOFF CHARACTERISTICS 


A Sh a 
Ico vs. JUNCTION 
TEMPERATURE 


Ico ( pa.) 


Visit Booth 2801-02 
at Wescon — August 20-23 


COLLECTOR CUTOFF CURRENT — 


100 125 
JUNCTION TEMPERATURE , Tj ( °C ) 


‘Ira ngitron a 


wakefield, massachusetts 





aa 


Need 


motor 


as 


quiet 





Call Jack & Heintz—America’s leading specialist in Customized motors, 1 to 

5 hp (44 to 15 hp in submersible motors). We'll gladly devote as much time as it 
takes to design the motor that hushes operation of your product ...a 

motor that electrically, mechanically and physically fits your product perfectly. 


Customizing electric motors to meet the specific requirements of original 

equipment manufacturers is our business. Because we're organized that way, costs are 
reasonable to get the quiet, or torque or envelope you need. We can stretch a 

motor tall, squat it flat, customize it for ambient temperature rating. 

Make it submersible in a wide range of fluids. Give it flushness or a 





ren) See Sees See special finish. You name it! 

t explains when to spec 

Customized motors, show : s . . a : 

lesign variations, illustrate So go ahead freely! Design your product to do its job. We'll fit a motor 
se histories. Write Jack & . o : 

eiete Bae. C2Gim Beene to it that will make your product perform the way you want it to 

way, Cleveland 1, Ohio 


. look as good as it should . last as long as you say it will... 
and sell faster because of it. 


Back & Ba eiNnrz CUSTOMIZED ELECTRIC MOTORS 
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TO: Fred Luna DATE July 1, 1957 
FROM: w. E. Sprackling orFice Hastings 
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Quality Control 
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about our methods 


other manufacturing safe - 
I think the BIG THING 
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testing equipment 
through our test 
is 
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Fred, we'v 
of Inspection, our Quality Control, 
guards. But perhaps we ‘re missing 4 bet. 

is what the Electrical Testing Laborator ies, 
not just the fact that they calibrate all of our 
(that's quite common), but that they actually go 
reports at all mills annually to see that our testing SY stem 
functioning the way management planned it. 
9 have such a 
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Raybestos-Manhattan 
acquires California plant 
to provide West Coast users 


with R/M OTeflon. products 


Raybestos-Manhattan has purchased the Graef Engi- 
neering Co., in Paramount, Calif., to serve Western and 
Southwestern manufacturers as a nearby source of R/M 
“Teflon,” “‘Kel-F,’”’ Nylon and Raylon (a mechanical 
grade of ‘“Teflon’’?) products. Key personnel will be 


retained. The plant is fully equipped to extrude, mold —typicai Rym “Teflon” products manufactured at Raybestos-Man: 
. om 99 66 “99 hattan’s newly acquired plant at outh Downey Ave., 
and machine ““Tefion,” “‘“Kel-F’”’ and Nylon products and _ Paramount, Calif. 


to spray-coat metal parts with ““Teflon” and “‘Kel-F.”’ 
It will also stock ‘““Tefion”’ sheets, tubes, rods and tapes 
in standard, certified and stress-relieved grades; bond- 
able sheets and tape, gaskets, mechanical packings, 
expansion joints, and flexible couplings. 


Raybestos-Manhattan, a pioneer in fabricating these 
materials, is one of the largest producers of ““Teflon”’ 
products for aircraft, electronic, electrical, chemical and 
various other industrial applications. Call on R/M’s 
experience and skill to help you solve problems involv- 


ing high temperatures and corrosive fluids and gases. 


*A Du Pont trademark 


OTHER R/M “TEFLON” 
PRODUCTS: rods, 
sheets, tubes and tape; 
centerless ground rods 
held to very close toler 
ances; stress-relieved 
molded rods and tubes; 
gaskets; expansion 
joints and flexible cou 
plings; bondable “Tef 
lon”; braided metal- and 
rubber-covered flexible 
hose; and Raylon (R/M 
trade name for mechan- 
ical grade ‘‘Tefion’”’ 
which has many of the 
characteristics of virgin 
‘*Teflon’’). Write for 
complete data 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION, MANHEIM, PA. 


FACTORIES: Manheim, Pa.; Bridgeport, Conn.; Paramount, Calif.; 


Peterborough, Ontario, Canada 


No. Charleston, S.C.; 


Neenah, Wis.; Crawfordsville, ind.; 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics »* Asbestos Textiles « Mechanical Packings e Industrial Rubber e Sintered Metal Products « Rubber Covered Equipment 
Abrasive and Diamond Wheels » Brake Linings e Brake Blocks e Clutch Facings « Laundry Pads and Covers « Industrial Adhesives « Bowling Balls 
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“But [am constant 


as the northern star” 


—Julius Caesar Act Ill Sc. 1 





Drawings (left) 
from high-speed 
photographs show 
the cycle. (a) Fila- 
ment of mercury 
forms between the 
contacts as they 
separate. (b) This 
becomes narrower 
in cross section 
and (c) finally parts 
at two points, al- 
lowing globule of 
mercury to fall out. 
Mercury flows up 
the capillary path, 
replaces amount 
lost, restores the 
equilibrium.(d) The 
momentary bridg- 
ing of the parting 
contacts—and the 
extremely fast 
break that ends it 
—minimizesthearc 
and adds greatly to 
contactload capac- 
ity. Contact clo- 
sure between the 
two liquid surfaces 
bridges mechani- 
cal bounce and 
prevents any chat- 
ter from appearing 
in the electrical 
circuit. 





You know what to expect from CLARE 
Mercury-Wetted-Contact Relays—always. 
Their performance is CONSTANT. 
Constant contact stability—No contact 
chatter—none at all. 


Perel ie ae Ci eee 
measurements on individual relay contacts 
are constant to a few milliohms. Resist- 
ance of single contacts, including resist- 
ance of internal wiring between base 
terminals, ranges between 25 and 40 mil- 
liohms. Contact deterioriation cannot 
occur in this relay. 


Constant operate time—Varies by only 
about 0.1 millisecond under constant drive 
conditions. 


Constant pull-in current—Repetitive 
operating precision of given relay is with- 
in 1% of its minimum operating current. 
This precision is substantially indepen- 
dent of number of operations or ambient 
temperature. 


Constant adjustment—Requires no 
maintenance whatever. No possibility of 
change in adjustment. This remains true 
even after thousands of millions of 
operations. 


If you have a job for which none but the 
best relay is good enough, it can cost you 
much more to settle for less than this 
CLARE RELAY. For complete informa- 
tion contact your nearest Clare represent- 
ative or address C. P. Clare & Co., 3101 
Pratt Blvd., Chicago 45, Illinois. In Canada: 
C. P. Clare & Co., 659 Bayview Avenue, 
Toronto 17. Cable address: CLARELAY. 


Send for CLARE Sales Engineering 
Bulletins Nos, 120 and 122 








Ce 
RESERVOUR 


Contacts of CLARE Mercury-Wetted- 
Contact Relays are constantly 

newed. By capillary action, like that 
ORM oe Mah emo e | 
coats each contact with every make 


and break 


CLARE RELAYS 


FIRST in the industrial field 





for plastic speaker housings, 
Seeburg specifies P-K fasteners 


“For our nationally known line of Select-O-Matic 
‘200’ coin operated phonographs, Seeburg stand- 
ards demand quality workmanship and trouble- 
free performance,” says Joseph Kamys, Seeburg 
engineer. ““To fasten metal speaker rims to plas- 
tic without cracking or chipping the housings, 
we chose P-K screws to speed production, reduce 
rejects, and for their lasting holding power.” 


PARKER-KALON DIVISION, General American Transportation Corporation, 
Manufacturers of Self-tapping Screws, Socket Screws, Screwnails, Masonry Nails, 
Wing Nuts and Thumb Screws. 
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PO ey (eMC) LL OE 
tic housing, J.P. Seeburg 
WT elk MNP A eRe Ten Llu Ten 
speakers using Parker-Kalon 
ae mae oa 
this metal-to-plastic application. 


In laminated, molded or extruded plas- 
tics, you can simplify design, add strength, 
and lower costs by using Parker-Kalon 
screws. They eliminate difficult and costly 
blind tapping and make fastenings far 
more secure than with mold-complicating 
inserts. For samples of P-K Screws rec- 
ommended for plastic applications, write 
Parker-Kalon or see your local P-K In- 
dustrial Supply Distributor. 


PARKER-KALON 


fasteners 


Sold Everywhere Through Leading Industrial 
Distributors. Factory: Clifton, New Jersey— 
Warehouses: Chicago, Illinois; Los Angeles, Cal. 
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Now! A Low-Priced Completely Static 
Voltage Regulator 
by 


ICKERS. 


For Fast, Accurate 
Voltage Regulation of 
60-Cycle Alternators 


This new unit is ideal for applications where 
How the Vickers Static a simple and inexpensive but rugged voltage 


regulator is desired. The Vickers regulator is 
rey aa at = : ; ee a 
Voltage Regulator Works a single-stage magnetic amplifier unit utiliz- 
Fetal tatters | ing selenium rectifiers and wire wound re- 
Ud EXCITER 6° Md eae sistors. It is completely static, with no movmg 
Te parts, and is thus not affected by vibration. 
60 Cycles Other features: 


@ Works into 20 to 100 ohm exciter field 
resistance without adjustment. 


PRIME MOVER ALTERNATOR 


sir eels @ Supplies exciter field current within a 


range of 0.15 to 1.35 amperes. 


Dain taa tere Connects directly to 208 to 240 alter- 
reactor senses nator without need of a potential trans- 
level of former. Operates with alternators having 
alternator output any output voltage when used with a 500 
voltage and supplies a control signal to the VA potential transformer. 

magnetic amplifier stage. The amplifier in 
turn maintains alternator output voltage con- 
stant by supplying controlled excitation to 
the exciter. A regulator control knob permits 
adjustment of alternator voltage. 


Adjustable line drop or reactive current 
compensation provides zero droop ata 
given load when a Vickers accessory cur- 
rent transformer is used. 


Extremely simple to install, with only 6 


terminal connections. 


Write Today for Complete information, Including New 


* 
Trade Mark Brochure, on the Vickers Static Voltage Regulator. 


VICKERS ELECTRIC DIVISION 
VICKERS INCORPORATED aa unit of Sperry Rand Corporation 
1803 Locust St. Saint Louis 3, Missouri 


LEADERS IN ELECTRICAL CONTROL EQUIPMENT 
Magnetic Amplitier Components and Control! Systems 
Selenium Rectifiers « Magnetic Particie Brakes and Clutches 

Photoelectric Celis 
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WAGNER ELECTRIC MOTORS...THE CHOICE OF LEADERS IN 


INDUSTRY 


WAGNER MOTORS mean less down- 
time for production machinery 


» 


This Wagner Type EP Motor is mounted on the base of the Reedmatic Production Lathe. 


Wagner totally-enclosed fan-cooled motors will give 
your machine tools the drives they need to give con- 
tinuous service. 


THEY ASSURE LESS DOWN TIME. Wagner totally- 


totally-enclosed motors require no maintenance 
other than periodic lubrication. These motors are 
designed to run cooler and longer between main- 
tenance periods, but when greasing is necessary, 


readily accessible lubrication openings permit ad- 


enclosed fan-cooled motors are fully protected dition of grease or a complete relubrication. 


against damage from steel filings, chips, dust, dirt, 
fumes and moisture. This built-in protection assures 
freedom from excessive down time caused by 
motor failure. 


THEY REDUCE MAINTENANCE COSTS. Wagner 


A Wagner field engineer will be glad to help you 
design non-stop performance into your production 
machinery by recommending the motors that best 
fit your specific needs. Just call the nearest of our 
32 branch offices. 


This Reed-Prentice tracer 
controlled automatic pro- 
duction lathe, which 
turns automobile axles in 
30 seconds, is equipped 
with Wagner Type EP 
totally-enclosed fan- 
cooled Motors. These 
motors are fully described 
in Bulletin MU-203. Write 
for your file copy today. 


eS GD SS SE ND SS SS SS GOS GND SNEED GEE GERSD GENET GES GENS GN ND SE NS ND GND em es mec 


M57-6 
BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A. 
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More parts per hour 


means lower cost per part 


To THE DESIGNER or buyer of pre- 
cision small parts these case his- 
tories of greater production speeds 
imply substantial economies— par- 
ticularly on long-run, volume parts. 


Secret behind this exciting news 
is new Sylvania equipment designed 
and built by Sylvania on the multi- 
slide principle to produce complex 
parts which normally might be 
stamped on conventional presses at 
lower speeds. 


VV 


LIGHTING RADIO 


SPECIAL 
ee: 


METAL 
STAMPINGS 
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LVANI 


TELEVISION 


This Sylvania equipment has been 
added to complete metal stamping 
facilities which include multi-slide 
equipment, vertical presses, eyelet 
machines and wire formers. 


Take your custom precision small 
parts to Sylvania where more and 
more efficiency-minded designers 
are turning not only for metal 
stampings but for custom-molded 
plastics, plated, clad and alloy wire, 
wire welds, and special components. 


ELECTRONICS 


MOLDED 
PLASTIC 
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New techniques and equipment 
introduce economies in Sylvania’s 
high-speed production of 
your custom metal parts 


100% increase 
from 10,000/hr 
to 20,000/hr 


57% increase 
from 7,000/hr 
to 12,000/hr. 


150% increase 
from 8,000 /hr 
to 20,000/hr 


187% increase 
from 8,000/hr. 
to 15,000/hr 





ELECTRONIC 
COMPONENTS 


57% increase 
from 7,000/hr 
to 12,000/hr 


ATOMIC ENERGY 


33% increase 
from 6,000/hr. 
to 8,000/hr 


PARTS DIVISION 


Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 


4-way 
service 
from 
one source 





Torrington is the one place 

where engineers work only 

on air moving problems 

in the development of 

air impellers supplying the full range 

of industrial requirements. 

As a result, more air moving 

problems are being studied today 

in Torrington’s Research and 
SOLUTIONS UNLIMITED Development Laboratory than 
anywhere else in the world. 
If you have product problems 
relating to the design, application 
and performance of air impellers, 


talk to Torrington. 


THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT + VAN NUYS. CALIFORNIA * OAKVILLE, ONTARIO 
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WHY 


¥ COLAC. 


HIGH-IMPACT THERMOPLASTIC RESIN 


APSCO pencil sharpener line ? 


... the answer 
is simple: 


Trade and consumer accept- 
ance of Apsco’s line of pencil 
sharpeners with receptacles 
of CYCOLAC was so instan- 
taneous and overwhelming 
that this firm, the oldest in its 
field, converted their entire 
line to CYCOLAC. In addition 
to providing tremendous ad- 
vances in design and engi- 
neering, CYCOLAC also 
offered high-impact, dimen- 
sional stability, high tensile, 
compression and shear 
strength. 


CYCOLAC has the very basic 
looking for: rugged toughness plus light weight . 
colors accented by high gloss . 


material properties you are 
. . bright 


. . excellent impact-resistance 


CYCOLAC... 


now more competitively 
priced than ever! conminnd “ a high in heat-distortion temperature plus a 
low brittle point. 

Spiraling demand and greatly expanded 


snanutndeetng Gadliities tave enahled CYCOLAC has greater dimensional stability . . 


. wonderful 


Marbon Chemical to effect production 
economies which they are passing on to 
their customers. The new price adjustments, 
which went into effect on July 1, 1957, 
make CYCOLAC ABS Polymer more 
attractive, more desirable, more practical 
for a host of end-use products. 


Write For The NEW 
CYCOLAC Price Schedule 
Foday! 


electrical properties and is easily injection-molded, extruded 
or calendered. 


CYCOLAC is resistant to many oils, solvents and corrosive 


capable of being colored to hundreds of 
opaque shades. . 


chemicals .. . 


. and can be readily machined. 


MARBON CHEMICAL 


Division of BORG-WARNER 


GARY, INDIANA 


MARBON CHEMICAL... Precision Resins for Precision Made Products 
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Every Emerson- 

© Electric motor is 
custom-engineered 
to meet your 
exact requirements. 


EMERSON-ELECTRIC ) 


of St. Louis ieee §8€=6Since 1890 
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aaa SAID: moe my elo) 


There’s a great future ahead for this Heat Pump 
Defrost Valve made by CHATLEFF VALVE & MFG. CO., 
Austin, Texas. And Chase helped pave the way! 


... Dut CHATLEFF and CHASE did it! 


The heart of a heat pump is this refriger- 
ant transfer valve—and it’s tough to pro- 
duce! But Chase technicians helped the 
Chatleff Valve Co. solve these problems: 

To give the necessary ruggedness, cor- 
rosion-resistance and high density, Chase 
supplied a specially controlled alloy of 
leaded brass tube shapes. To cut scrap loss 
and machine time, they were made to 
extremely close tolerances. And all tube 
shapes received a closely controlled an- 


Bring your 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas 


I samtimv,. AASC 


neal to prevent subsequent warping. To 
minimize distortion, Chase created ideal 
conditions for welding alloys of varying 
thicknesses, a severe operation. 

In fact, Chase did what experts called 
“impossible”: helped set up a single fur- 
nace-brazing operation for 13 simultane- 
ous welds! Now this Chatleff valve body 
is being mass-produced as a single unit 
...wWith great efficiency and economy. 
Maybe Chase can help you, too! 


Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. 


BRASS & COPPER CO. 
WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


Los Angeles 


Milwaukee Minneapolis Newark New Orleans New York (Maspeth,L.!.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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For greater miniaturization, higher performance... 
new TRANSISTORIZED servo amplifiers 


Transicoil introduces four new, completely transistor- 
ized Servo Amplifiers for use in applications requiring 
the highest order of precision, miniaturization, and 
dependability. Measuring a mere 3” or less in length, 
these servo amplifiers help you keep assemblies within 
the severe space limitations of many types of military 
and industrial applications. 

The new amplifiers produce voltage gains of 100:1, 
200:1, 2000:1, and 4000:1. They are specifically en- 
gineered for use with Transicoil Motors and Motor 
Driven Induction Generators in sizes 8, 9, 11, 15, and 
18. To insure maximum accuracy and dependability, 
Transicoil supplies these servo amplifiers only as part 
of its own miniaturized servo assemblies. All amplifier 


units are hermetically sealed and are made with the 
same care, materials, and precision that have made 
Transicoil a recognized leader in the manufacture of 
custom built servo components and assemblies. 

For more complete information on Transicoil’s new 
Transistorized Servo Amplifiers, write for Bulletin 
101. And when you have control problems involving 
miniaturization or control complexity, be sure to get 
in touch with Transicoil. You profit most when you 
let Transicoil design and supply your complete servo 
package. You will be under no obligation—you pay 
only for results, on a fixed fee basis, for equipment 
delivered and operating properly. 


P | iia inti nay CORPORATION 
em 


Worcester - Montgomery County - Pennsylvania 


Circle 155 on page 17 


ELECTRICAL MANUFACTURING 











handie 





* pre-assembled nut and 
Shakeproof* Lock Washer 


instead of 





Each of these Keps replaces three separate units for 
greater savings: Dished and Domed Washer Keps 
for extra strength and holespanning; Sealing Keps 
for sealing out water, oil, gasoline or air. 


eKeps end separate nut and lock washer handling e Often eliminate many extra 
fastening parts «Provide positive locking action, maximum product 
protection «Washers can't get lost, mismatched or forgotten 


e Available in broad range of styles, materials and sizes. 


Write for Sample Kit, Containing Variety of Keps 
SHAKEPROOF 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin, Illinois « Offices In Principal Cities 
In Canada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 
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GET SQUARE D SAFETY SWITCHES AND BENEFIT 


FROM THE * FW ‘ EM 
STANDARD 


NEMA standards are adopted in the public interest 
and are designed to eliminate misunderstandings between the 
manufacturer and the purchaser, as well as to assist the pur- 
chaser in selecting and obtaining the proper product for his 
particular need. 
Square D’s quick change to the new standards gives you 
the performance and safety which NEMA standards assure. 


Square D Safety Switches cost no more 
—why settle for less? 


lt SAM a NORMAL DUTY lel hae ha 
eae New formerly Types H, S, or A formerly Types D0 or G 


Rating-Ampere 30—600 30—1200 30—200 si 
Voltage 250 or 600V AC, DC 250 or 600V AC, DC 250V AC 
NEMA 12 - Industrial Use 
(Gasketed) 


NEMA 4 45 + Water-tight & 
Seiieun Dust-tight NEMA 1 + General Purpose NEMA 1 + General Purpose 


NEMA 7 « Explosion-resisting NEMA 3 - Raintight NEMA 3R « Raintight 
Class |—Group D 
NEMA 9 « Explosion-resisting 


“Horsepower NEC Fuse Ratings NEC Fuse Rating 
Dual-Element Fuse Ratings Dual-Element Fuse Ratings NEC Fuse Rating 

Operating Quick-Make, Quick-Break Quick-Make, Quick-Break Positive Make, Positive Break 

Mechanism Independent of Handle independent of Handle Spring Assisted 

interlocked & Padlock interlocked & Padlock 
Plating—Current 
Parts 
E ae ene Exceeds UL Standard Meets UL Standard 
ndurance Far Exceeds UL Standards xceeds andards eets andards 


nNow...EC&M propucts ARE A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 


Type LD 
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Lite NATIONAL SCENE 


BIG LIGHTNING HAZARD IN AIRCRAFT, flying through electrical storms, skin 


is the radio antenna. Metal skin and structural members insulate 
the ship against lightning. The antenna 


JOSLYN AND NATIONAL TEAM UP to 
tame lightning bolts. With an 
assist from National PHENOLITE, 
the Joslyn Aircraft Arrester elimi- 
nates lightning hazards—even at 
high altitudes. Attached to the 
plane’s radio antenna, the arrester 
permits the flow of radio energy, 
but blocks lightning discharges 
and deflects them harmlessly. 


AUGUST 19 


insulated from the metallic 


PHENOLITE WINS IMPORTANT JOB. PHeNo.ire 
silicone glass Grade G-7-830 forms the separa- 
tor in the Joslyn Aircraft Arrester—holds 
essential metal spring contacts in position and 
acts as an arc barrier. For this, it must have 
unusual strength, good electrical characteris- 
tics, superior punchability—also be fungus 
proof and withstand severe vibration for long 
periods. PHENOLITE meets all of these re- 
quirements. 
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provides a path through which current can enter the plane 
Simple spark gaps furnish some protection. But they cannot control 
long, cloud-to-cloud discharges and have never proved fully effective. 


NATIONAL CAN HELP YOU 


reduce unit product cost or improve prod- 
uct performance at no added cost. Here’s 
why ... You can select the “‘one best 
material’ from over 100 grades of 
PHENOLITE®, Vulcanized Fibre and Na- 
tional Nylon—without compromise in 
properties or cost. You can simplify pro- 
duction and purchasing with the timed 
delivery of 100% usable parts—from a 
single reliable source. You gain competi- 
tively with National’s new materials and 
grades—the direct results of programmed 
materials-research. 

You benefit by calling National first. 
Check telephone directory Yellow Pages 
or write Wilmington 99, Delaware, Dept. 
C-8. 


¥i NATIONAL 


VULCANIZED FIBRE CO. 


In Canada 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 
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FORD BUILDS FOR THE FUTURE WITH 


CY PAK 


. controlling form grinder sequencing 
in automatic transmission production 


CYPAK* static controls have already outlasted conven- 
tional relays previously used at the Ford plant in Livonia, 
Michigan. No down time for control maintenance has 
been necessary with this highly repetitive operation in 
over 17 months! 

Logic and sequencing control of two Springfield Machine 
Tool Co. form grinders is performed by CYPAK static 
control apparatus. CYPAK activates the solenoids of hy- 
draulic valves controlling the grinder’s feed cycle. 

In machining the impeller housing of automatic trans- 
missions, the operator places the workpiece in the chuck, 
presses the cycle button ...and CYPAK does the rest . . . 
automatically. 

For complete information about CYPAK call your 
Westinghouse representative, or write Westinghouse 
Electric Corp., Dept. B, P.O. Box 868, Pittsburgh 30, Pa. 


*Trade-Mark 
J-22019 


You caw Be SURE...1F ITS KEE> 


Westinghouse awe 
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The new Mallory designed 
contact—improved in quality 
and performance—replaces 
ea ek Lhe 


Production and Delivery Problems Solved 


by Mallory Contact Design Service 


A major electrical equipment manufacturer required 
heavy duty contact assemblies made to rigid specifica- 
tions. The original design called for hard drawn copper. 
To retain the hardness, contacts were brazed with a 
quick shot of heat—on a resistance welder. The silver 
solder frequently balled up, requiring hollow milling to 
remove surplus. Deliveries were often delayed—rejects 
ran high. 


Mallory Contact Design Service proposed an alternate 
design. By switching to Mallory 3 metal, brazing was 
made easier. The use of Mallory 3 eliminated a hardening 
operation and enabled holes to be punched instead 
of drilled. Measured hardness at critical points is 
now guaranteed. 


The customer benefited—almost no production problems, 
rejections were eliminated, delivery schedules could be 
met. Field life of the contacts within the finished equip- 
ment was greatly improved. Thanks to Mallory Contact 
Engineering Service, another customer got a _ better 
component, better service and a better product at no 
increase in cost. 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * 


Tuning Devices * Vibrators 


Electrochemical — Capacitors * Batteries 


Mercury and Zinc-Carbon 


Metallurgical — Contacts * Metals ¢ Welding 


Special Materials 
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. The most effective 


. The most economical contact design 


FIVE MALLORY KEYS TO ECONOMY THROUGH 
CONTACT ENGINEERING 
contact material from the ex- 


tensive line developed by Mallory. More economi- 
cal alloys often can satisfy actual service conditions. 


... for your 
purchasing, production and product needs. 


. The most economical backing material . . . from a 


group of Mallory alloys developed for this use. 


. The most economical backing member design in 


relation to contact and product design requirements. 


. The most economical method of assembling con- 


tact and backing member. 


By coordinating all these important elements of 
contact design, Mallory can help you put into effect 
a long-range plan for cutting contact cost and assur- 
ing peak performance. 





P. 


R. 





MALLoRY 


MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 





WHEN IT’S A QUESTION OF F.H.P. MOTORS... 


tay 


ONE RIGHT ANSWER IS FASCO 


a 


Yes, years of leadership in designing and producing 
small motors make FASCO your first and best choice 
when you specify a motor rated anywhere between 
1/500 and 1/4 H.P. Because Fasco makes. . . or can 
and will make. . . the motor that’s exactly right for 
your application. What’s more, Fasco standards 

of quality, dependability and long life match your 
own. You'll pay no more . . . often less. So whenever 
the need arises for F.H.P. Motors, we invite you 

to CONSULT FASCO ... FIRST! 


ASCO 
7) (40a ne FASCO \NDUSTRIES, INC. 


ROCHESTER 2, NEW YORK 
MOTORS 


This new Catalog gives com- 
plete data and specifications 
on Fasco F.H.P. Motors 
ranging from 1/500 to 

H.P.—two, four and six 
shaded pole types. A copy 
is yours for the asking. 
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Miniature electronic components potted 
in Epon resin by Freed Transformer Com- 
pany, Inc., Brooklyn, New York 


e 


Why EPON’ RESINS 


4 Good Reasons! 


Outstanding adhesion to metal, glass, plastics 


Excellent dimensional stability 


High mechanical strength 


Excellent dielectric properties 


Epon REsINs are preferred for potting, 
laminating, sealing and encapsulating 
because they offer an almost ideal 
combination of electrical and physical 
properties. 


Potting and encapsulating. 
Epon resins have outstanding adhesive 
properties. They form strong bonds to 
metal and glass, provide airtight enclosure 
of delicate components and vacuum tubes. 
They also have excellent dimensional sta- 
bility and can withstand solder bath 
temperatures. 

Sealing. Enamels and varnishes based 


on Epon resins provide excellent moisture 
sealing plus outstanding resistance to sol- 


vents and chemicals, even at elevated 
temperatures. 


Laminating. Epon resins, laid up 
with inert fibrous fillers, produce base 
laminates of superior dielectric properties 
which can be sheared, punched, drilled 
and bath soldered. 


Adhesives. Solvent-free Epon resin 
formulations cure at room temperature, 
with contact pressure alone; form power- 
ful bonds between glass, metal, wood or 
plastic. 

Write for complete information on the use 
of Epon resins in protective enamels, tool 
and die materials, etched circuit laminates, 
transformer and motor sealing compounds. 


Section of magnetic amplifier coils em- 
bedded in Epon resin by Westinghouse 
Electric Corporation, Pittsburgh, Pa 


Potting transformer with Epon resin at 
PCA Electronics, Inc.,Santa Monica, Calif. 


SHELL CHEMICAL CORPORATION 


CHEMICAL SALES DIVISION 380 Madison Avenue, New York 17, New York 


Atlanta + Boston - Chicago - Cleveland - Detroit - Houston - Los Angeles - Newark - New York - San Francisco « St. Louis 


IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited - Montreal + Toronte - 
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the general utility STAINLESS STEEL 


is approved for use by. 


Ps 2s a 


ae) fala yarare 
Pepa oe es AIR FORCE 


Se, Mil-S-854 
Class 4 


NAVY 


QQ-S-0766b, Class FS-430 
Mil-S-854, Class 4 _. 


| Tre 
one ra 8 em * 


Since 430 meets military specifications, 
why not investigate this grade for your product 


This straight chromium stainless grade possesses 
desirable qualities of beauty, corrosion resistance, Wiener, 
strength, long life and low maintenance that are also of value old 430 sheets 
in many civilian applications. More than 50% of all are available up to 48” wide 
stainless applications could satisfactorily employ a 
430 stainless as an economical and practical material. ee ; Ad 
Type 430 stainless costs 1034 cents per pound less 36” wide as thin as .005 
than the 18-8 grade. Some of our customers are already in commercial finishes and 
saving more than $215 per ton using our MicroRold 430 
stainless sheet. Why not investigate the possibilities 
of this general utility 430 stainless. 


, and up to 
tempers. 


Send today for your copy of our 24-page booklet, 
“MicroRold 430 Stainless Steel Handbook.” 


Washington Steel Co,poration 


8-BB Woodiand Avenue, Washington, Pa. 
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Dirt, Corrosion, 
Low Voltage Problems? 


the answer: 


Allis-Chalmers “de operated” 
ac contactors’ 


Allis-Chalmers Size 6 starter, 
NEMA 1 enclosure. 
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De operators in Allis-Chalmers control as- 
sure dependable performance because they 
are not affected by dirt or corrosion on the 
armature face. Positive magnetic operation 


reduces contact pitting — eliminates hum 
and chatter—prolongs mechanical life. The 
operator picks up at 65% of rated voltage 
— holds in with as little as 35%. 


For Any Low Voltage, High Horsepower Application... 
Allis-Chalmers Modern Control — Sizes 4, 5 and 6 


Advanced Electrical Design 
ACBO arc-centering blowout sharply cur- 
tails arcing time, greatly prolongs contact 
and chute life — without blowout coils. 


Simplified Mechanical Design 
Streamlined clapper-type construction per- 
mits natural are rise in are chute. Sensible 


enclosure dimensions provide ample wiring 
space. Easy accessibility simplifies main- 
tenance. 

For detailed information on this complete 
line of modern control, call your A-C Con- 
trol Distributor or A-C District Office. Or 
write Allis-Chalmers, General Products 
Division, .Milwaukee 1, Wisconsin. 


*Self-contained ec to dc circuit. Standard in Size 6, optional in sizes 4 and 5. 


ALLIS-CHALMERS 


ACBO is an Allis-Chalmers trademark. 
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How many hats 
do you wear? 


T HAS BEEN SAID that a product design engineer 

must wear many different hats. First of all, he 
has to think out a gadget that will do a certain job 
without falling apart. Then, he has to be a pro- 
duction expert because he has to be sure that his 
gadget can be made. Can it be made economically? 
He has to know some cost accounting. Has he 
specified screwball component parts? He has to 
know a lot about purchasing—what materials are 
available, when they can be delivered and all 
the rest. 

Since most machines contain some springs, 
your design engineer should (ideally) also be a 
spring engineer. But don’t you have to draw the 
line somewhere? The most skilled group of spring 
engineers in the nation are at your beck and call 
without any obligation. The men at American 
Steel & Wire have been specialists all their lives. 
A problem that is new to you may be old hat to 
them. More than that, they know spring-making 
machinery, and can suggest design modifications 
that will allow more efficient production methods. 
Result? Lower cost for you. 

Like they say in the ads, no order is too small 
or too large. Just call your AS&W representative. 


AMERICAN STEEL & WIRE DIVISION 
UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, 
PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., 
SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN 
QUALITY SPRINGS 


SE -  e e 
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’s service you're after. . 


call a Hoover Man 


If you want the kind of service fea- place if you come to Hoover. We’ve 
tured in this cartoon, we aren’t mak- been satisfying the die-casting de- 
ing any promises. But if you want mands of many different industries for 
service in quality aluminum and zinc 35 years. Let one of our Sales Engineers 


alloy castings, you'll come to the right tell you about us. Why not today? 


© 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 


E CASTING » HOOVER 
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for Air-borne Power Supplies 


and Other Military and Industrial 


Hoffman 
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Westinghouse motors 
double normal life 
for this application 


... at Ohio-Apex Div., Food Machinery 
and Chemical Corp. 


this standard _ AINC/AL motor still 


pumping corrosive POC I, after 12 continuous 


months without maintenance or down time. 


“‘We must have a dependable motor, completely sealed and cor- 
rosion-resistant,”” says Mr. Burton Fitch, Ohio-Apex Division of 
Food Machinery and Chemical Corporation, Nitro, West Virginia. 
‘“‘A corrosive atmosphere, plus phosphorous oxychloride drip and 
seepage, cuts motor life. Westinghouse Life-Line® “A” motors 
have already passed this replacement point twice... and are 
still going strong.” 

Westinghouse motors last longer because they’re designed for 
modern industry’s needs. For more facts about the Life-Line 
“A”, call your local Westinghouse representative... or write 
Westinghouse Electric Corporation, P. O. Box 868, Pittsburgh 


30, Pennsylvania. J-22034 


you CAN BE SURE...1F ITS 


Westinghouse 


‘‘Westinghouse Life-Line ‘“‘A” motors have cut 
our motor costs substantially ... helped us keep 
our chemicals moving down the line,”’ says Mr. 
Fitch of Ohio-Apex. ‘“Their built-in ruggedness, 
plus foolproof sealing against corrosion, means 
longer life, lower maintenance.”’ 


Unretouched photo of Life-Line ‘‘A’”’ three-hp 
motor driving chemical pump at 1730 rpm, 100 
gpm at Ohio-Apex. 
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For Leadership 
in Electrical Contacts Look to 


GENERAL PLATE 


Extensive new facilities are now completed and in operation at 
General Plate, offering customers a single source for an almost 
infinite selection of new and useful types and sizes of electrical 
contacts. 

Here are but a few of the new ideas in contacts that have 
been developed commercially at General Plate. 

@ Clad Electrical Contact Tapes — designed for high speed 
mechanized assembly — ideal for miniaturization — give 
increased performance at reduced cost. 

New Metal Bonding Processes — offer improved contact 
materials — include silver cadmium oxides, refractory metal 
mixtures and platinum group metals, as well as all regular 
silver materials. 

Trimetal Clad Projection Welding Contacts — a copper 
conductor between contact face and backing — provides 
higher specific heat with lower surface temperatures — gives 
greater contact capacity and longer life at lower cost. 

New Clad Button Projections — designed and produced to 
meet your specific application requirements — facilitate 
easier welding, provide better conductivity. 

New Silver Clad Rivets — put silver where it is needed, 
with lower cost backing materials for better fastening 
properties. 

Single and Double Inlay-Overlay-Top-lay — made by 
G.P.’s new exclusive P.T. cladding process — achieves per- 
manent bonding of preferred contact metals to practically 


any malleable base metal without intermediate bonding 
agents. 


CONTACT MATERIAL 
COPPER 


BASE METAL 


SILVER 
BASE METAL 


With 41 years of General Plate metal cladding 

experience behind the emphasis now being put on G.P. 
electrical contacts, it will pay you to investigate. 

Technical data bulletins are available on request — 

just let us know what types of contacts you are interested in. 


oy asin METALS & CONTROLS |g] CORPORATION 


as ~~ General Plate Division 1908 Forest Street, Attleboro, Mass. 


FIELD OFFICES: NEW YORK, CHICAGO, DETROIT. MILWAUKEE, LOS ANGELES 
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it’s easier to strike a match on plate glass than on the raceway of a quality ball bearing. The race- 
way’s smoothness makes it virtually impossible. Even so, not all bearing raceways are equally smooth. 


Hoover Honed Raceways are 
super smooth... superbly finished 


Bearing life—load capacity —quiet- ways are matched sets of Hoover 
ness. These and other factors in ball Micro-Velvet Lapped Balls, made to 
bearing performance depend largely unusually high standards of smooth- 
on the smoothness and finish of ness and roundness. Precision 
the bearing’s raceway. throughout the working surfaces 
And that’s where Hoover Honed achieves superior ball bearing quality 
Raceways pay off . .. in extra . . . assures long life and unexcelled 
smoothness and finish. All makes performance. 
of bearing raceways are ground. Investigate Hoover’s line of ball 
But Hoover Raceways are also fully bearings in the light, medium and 
honed. Hoover Honing, a patented heavy series, available in a variety 
process developed by Hoover, is of types. Hoover engineers are ready 
the last word in precision finishing to assist manufacturers with engi- 
for raceways. neering and design information. 
Coupled with Hoover Honed Race- Write Hoover about your problem. 


[ODOuxeIr° 


BALL AND BEARING COMPANY, ANN ARBOR, MICHIGAN 


Hoover Honed and Micro- Velvet are Hoover Trademarks, 


HOOVER HINTS: 
Common Causes 
Of Bearing Failure 


What makes an anti-friction bearing 
stop doing its assigned job? Improper 
lubrication, foreign bodies, soft balls or 
raceways, poor race concentricity, high 
operating temperatures and incorrect 
bearing selection—all are possible causes 
for premature bearing failure. 


Common causes of bearing failure is 

but one of the many problems confront- 
ing users of anti-friction bearings—this 
problem as well as others pertaining to 
bearings are given 
concise coverage in 
the Hoover Handi- 
Book of Anti-Friction 
Bearings. Write for 
your copy today... 
it’s written to help you 
select the right bearing 
for any application. 


Hoover Ball and Bearing Company, 
Ann Arbor, Michigan. 


Mail my copy of “Hoover Handi-Book of Anti-Friction 
Bearings.” 


Name 
Title 
Company 
Address 


City 





A. O. SMITH 


helps assure 
customer satisfaction 
by using 


MOTOR PROTECTORS 


**4.0. Smith customers insist on the 

best. We insist on supplying the best. One 

of the many ways we make sure our customers 
have the finest is through use of quality products for 
motor protection. The jet pump fractional motor 
shown is only one of thousands of A. O. Smith 
Fractional and Integral Horsepower motors using 
KLIXON Protectors. This is a sample of our 
slogan ‘Through Research A Better Way.’” 


That’s how C. M. Poston, Sales Manager of 

A. O. Smith Corporation’s Electric Motor 

Division, feels about KLIXON Motor Protectors 
another famous motor manufacturer who 

counts on KLIXON Protectors for maximum 

motor performance with minimum motor failures. 


You, too, can keep motors in your equipment 
operating dependably, reduce service calls and 
repairs by specifying and using KLIXON 
Protectors. The additional cost is low, pays for 
itself over and over by keeping motors delivering 
maximum output under any operating 
condition while protecting against motor burn- 
outs and unnecessary equipment shutdowns. 


Now There’s Something New! 

In addition to the famous KLIXON Protector 
for single-phase motors, you can now get full 
protection engineered into 3-phase motors with a 
single, built-in KLIXON Protector. For full 
details write for Catalog Sheets MOPR-1, 
MOPR-5B, MOPR-11A. 


METALS & CONTROLS i CORPORATION 


Spencer Thermostat Division 


KirxoN 
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Engineering Communication— 


THE DESIGN ENGINEER is essentially a crea- 
tive worker. Like all creative workers he 
needs to communicate to others the results 
of his work. At one end, it may be communi- 
cation in the form of technical and scientific 
papers and reports; at the other end, it may 
be communication to the ultimate user in 
the physical form of a completed end prod- 
uct, saying in effect: “This is what I have 
accomplished to meet your needs!” 

The extent that the engineer is able to 
successfully develop his powers of communi- 
cation may be the measure of his personal 
professional advancement. The training of 
engineers in the fundamentals of communi- 
cation may well be a part of all engineering 
college curricula. This need is already being 
recognized outside academic circles through 
the emergence and growth of professional 
societies devoted specifically to engineering 
writing and speech. 

Not only should the engineer be able to 
communicate to others the content and the 
accomplishments of his own work; he should 
also be able to receive and selectively absorb 
information communicated by others. This is 
not an easy task, particularly with such a 
tremendous output of technical and scientific 
data in printed form competing daily for 
the engineer’s reading and study time. What 


a Two-Way Street 


constitutes “must” reading? What merits at 
most a quick scanning? What should be filed 
permanently? The engineer can do much by 
proper organization of his own reading habits 
and by a hard-boiled adherence to exacting 
performance standards for the reading mat- 
ter that comes to his desk. 

Engineering magazines, for their part, also 
have an obligation. They have a responsi- 
bility not only for giving their readers solid, 
in-depth editorial content, but also for doing 
everything possible to conserve reading time, 
in effect for making it easier for the engi- 
neer to be on the receiving end of engineer- 
ing communication. To achieve this goal, the 
Editors of ELecTRICAL MANUFACTURING in- 
troduce with this month’s “In This Issue” 
(see pages 6 and 7) a new abstract-of-con- 
tents feature. Each of the articles is briefed 
to communicate the design significance of its 
content; moreover each summary is a self- 
contained indexed, subject-classified, anno- 
tated reference that can be clipped and 
pasted on any standard cards for filing. 

This new department provides a comple- 
ment to the ELECTRICAL MANUFACTURING 
Cumulative Annotated Editorial Index an- 
nounced in our preceding issue, and offers 
another effective working tool for our design 
engineering reader. 


CEB. &. Ay 


Special Features Editor 





Thermal and Acoustical 
Insulation Requirements 


Vajor developments in materials are reviewed in relationship to current 


design problems. Emphasis is on the appliances: refrigerated equipment: 


ranges and water heaters; home laundry units; air conditioners. 


SEVERN JOYCE 
OweNs-CorNinG FiperGLas CORPORATION 
Toledo, Ohio 


THERMAL INSULATION IS A FUNCTIONAL CONSTITUENT in 
the materials systems of several product groups: 

1. Refrigerators, freezers, and other refrigerated 

appliances and equipment. 

2. Ranges, water heaters and other heated 

appliances. 

3. Home and commercial laundry and dish- 

washing appliances. 

1. Air conditioning and heating equipment. 
Acoustical insulation is frequently a coordinate design 
problem in these product groups, for example in air con- 
ditioners. The purpose of this article is to review recent 
developments in thermal and acoustical insulating ma- 
terials and to examine the impact of such developments 
on product design. 


Refrigerated Equipment 


from one thermal insulation to another 
resulted from progressive changes in engineering design 


Transition 


over the years as cabinets and equipment evolved from 
wooden, unsealed construction to designs based on steel 
and a relatively sealed insulation space. 

Earliest insulations used (1924 to late °30’s) were 
corkboard, insulation board, sealed cartons of kapok, 
sealed cartons of balsam wool, sealed bags of balsam 
wool, pneumatically blown balsam wool, cut-to-size pads 
of corrugated paper and fibrous glass. Slag and rock 
wools and aluminum foils also were used. 
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Fibrous glass insulation, in the preformed batt type, 
became available about the same time as the sealed cab- 
inet concept gained firm acceptance. This material of- 
fered the equipment designer an economical combination 
of low thermal conductivity, resistance to moisture and 
vermin, simplified handleability, and ability to be fabri- 
cated. The market preference for fibrous glass as thermal 
insulation for refrigerated equipment (Fig. 1) has been 
steadily improved over the years of extensive research 
and the creation of a succession of new processes. 

By the early 1950's, process development brought about 
an improvement in available A factors (coefficient of 
thermal conductivity). The earlier range of 0.26-0.30 
Btu/hr/deg F sq ft/in. at 75 F mean was improved to 
0.245 to 0.275. In addition, a new fine-fibered, lightweight. 
flexible type of fibrous glass, Owens-Corning “Aerocor.” 
was developed for insulation applications where excep- 
tionally low K factors, light weight and high tensile 
strength were important enough to justify this higher 
cost insulation (Fig. 2). Aerocor was utilized under 
breaker strips (Fig. 3), in evaporator doors, in baffle 
pans and in various filler applications requiring a soft 
but resilient insulation to fill irregular voids or contours. 

Rock wool and slag wool have enjoyed some usage in 
refrigerated-appliances, but have been limited by the 
necessity for 75 per cent to 150 per cent greater density 
required for a given K, the higher contents of unfiberized 
material and the lack of flexibility in batt form. 


Laminar Fibrous Glass 


The variable physical properties of fibrous insulation 
that influence its thermal conductivity are fiber diameter, 
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Fig. 1—Standard fibrous glass insulation being 
applied in refrigerator construction. 


density, fiber orientation, content of unfiberized mate- 
rial and content of binder. Fiber diameter and fiber 
orientation were studied extensively to develop in the 
early 1950’s a new insulation known as laminar Fiberglas. 

The new Owens-Corning refrigeration insulation, con- 
sisted of a finer fiber of 0.00035 in. diam (contrasted to 
the previous 0.00050 in. diam fiber) with the fibers 
oriented in a laminar pack and with even less unfiberized 
material than previously improved types of fibrous glass. 
Conductivities in the range of 0.23 to 0.26 became avail- 
able in a low-cost refrigeration insulation and at sub- 
stantially reduced densities. This material offered a com- 
bination of high insulating value, handleability, light 
weight and low cost. For home freezer applications it 
provided K factors in a lower range than previously 
available. It proved to be a particularly helpful material 
in developing thin-wall designs. In the 1940-1944 
models, wall thicknesses of domestic refrigerators aver- 
aged from 3° in. to 41% in., today they are nearer 3 in. 


AF Fiberglas 


This new Owens-Corning refrigeration insulation is 
entirely fiberized, is sufficiently flexible to be rolled, has 
even lower K factor availability than laminar Fiberglas 
and is substantially lighter in weight than previously 
available fibrous glass materials. Now in the pilot plant 
stage, AF Fiberglas opens the way to the “wrap-around” 
design for refrigerator insulation. In this design, all, or 
nearly all, of the pieces of insulation are incorporated 
into a 2-piece set, minimizing bad fit, omissions and 
other assembly problems. 

The improved K factors of the new insulation should 
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Thermal conductivity , Btu/he/sq ft/deg F/in. 


0.220 
0 


Nominal density , ib/cuft 
Fig. 2—Thermal conductivity at 75 F 
mean temperature of Owens-Corning’s 
Aerocor lightweight flexible fibrous glass 
insulation (Series PF300). 


ical 


Fig. 3—Aerocor insulation being installed 
under a refrigerator breaker strip. 





further aid engineers in development of thinner wall sec- 
tions. The unusual combination of light weight and ex- 
cellent resilience should insure proper fit and maximum 
protection against uninsulated voids. The extremely light 
weight helps to reduce cabinet weight and the costs of 
handling and shipping, at the same time maintaining the 
cabinets’ thermal efficiency. 


Cellular Plastics 

Since many of the cellular plastics or plastics foams 
are good thermal insulators, there has been a considerable 
effort to utilize them in refrigerated appliances. These 
materials, however, are many times more costly than 
available fibrous insulations that give comparable insu- 


lating value. The foams will be extensively used only, 


therefore, when corollary benefits become sufficiently at- 
tractive. Several basic applications concepts are prom- 
inent at this particular time. 

One of the first foams to be investigated for refrig- 
erated appliances was polystyrene, a rigid, lightweight 
thermoplastic, available in preformed sheets and boards 
or in granular form which can be expanded and fused in 
place with heat. In the preformed sheet and board form, 
this foam offers an excellent combination of good insu- 
lating value, light weight, high compressive strength and 
excellent resistance to moisture vapor transmission. Ac- 
cordingly, sandwich panels have been developed utilizing 
this material as the core, and resin-impregnated fibrous 
glass cloth as the facing. 

Panels such as these have been used to fabricate refrig- 
erator cabinets for limited production models where the 
savings on tooling time and expense justified the much 
higher material and labor cost of such construction. Al- 
though offering definitely better resistance to moisture 
penetration than conventional construction, the sandwich 
panel may cause problems in the areas of precise dimen- 
sional control, adequate joint sealing, residual odor, 
flammability of the polystyrene core, amplification of 
machinery noise when unfaced, chemical resistance to 
solvents and thermoplasticity at fairly low heat. 

Polystyrene is also available as tiny beads which can 
be expanded and fused in situ with heat provided by 
steam or by combining with other resins and catalysts. 
These techniques indicate opportunities for foaming 
around complex contours or into complex voids. An in- 
teresting example is an evaporator now being thermally 
insulated by foaming polystyrene around it. The poly- 
styrene casing insulates reasonably well and, if foamed 
at adequate density, serves as a vapor barrier to prevent 
ice build-up on the evaporator exterior. Lack of dimen- 
sional stability at low densities requires polystyrene in 
the density range of 1.5 to 2.0 PCF (lb per cu ft) which 
results in unfavorable economies. Process control is not 
yet precise, resulting in substantial variation in final 
density, thermal insulation value and moisture vapor 
transmission. 

When the expansion and fusion is brought about cata- 
lytically, one of the other primary reactants can be an 
epoxy resin which produces an extremely hard and 
smooth final surface. Here, opportunities exist for foam- 
ing in place a structural body, as well as the insulation. 
Although this type of product holds great promise 
for the designer, it, at present, is beyond reach, due to 
the relatively high costs of epoxy resins, the inherent 
shortcomings of polystyrene characteristics already men- 
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tioned, and the still inadequate technology for high- 
volume production of large structures. 

The polyurethanes are one of the newest plastics foam 
families being investigated for refrigerated equipment 
insulation. They range from flexible to rigid types and 
from open-cell to closed-cell construction. Thermosetting 
in character, they have very strong adhesive properties. 
These properties are advantageous in some instances, but 
frequently result in unsatisfactory expansion within an 
enclosed space such as a refrigerator wall. 

Polyurethanes show a good resistance to water vapor 
transmission. During mixing and foaming, the poly- 
urethanes have the disadvantage of releasing toxic fumes, 
also cannot be prevented from expanding fully once the 
process has begun. Present costs are still high, resulting 
in a substantially high cost for a given thermal insula- 
tion performance level. 

The phenolic foam materials were one of the first in- 
vestigated. Continued evaluation is warranted because of 
their low cost, non-combustibility and good heat resist- 
ance. Present phenolics, however, show serious shortcom- 
ings: high water-vapor permeability, inadequate mechan- 
ical strength, odor 
foaming rate. 


retention and excessively rapid 
Elastomer resin blends provide still another class of 
foam plastics. They consist of synthetic or natural rubber 
blended with various polymers that incorporate a blowing 
agent (Fig. 4). Of this series, the closed cell type has 
low vapor permeability as well as fair thermal insulat- 
ing properties and flexibility. Despite their high cost and 
high density, their combined properties recommend these 
materials for insulation of refrigerant tubing in all types 
of refrigerated equipment. This is particularly true in 
constructions where cabinet sealing is not adequate. 


Gas Filled Insulation 

Thinner-walled refrigerated appliances have been the 
goal of designers for some years. In view of the con- 
sumer’s desire for ever larger refrigerators and freezers, 
the designer becomes increasingly in need of insulations 
that will permit him to better the conventional relation- 
ship of a cubic foot of insulation for every cubic foot of 
refrigerated storage capacity and provide the consumer 
with increased capacity without increasing the physical 
size of the cabinet. 

Research by many firms has produced much valuable 
information regarding the conductivities of insulations in 
gaseous atmospheres (Fig. 5). Owens-Corning Fiberglas 
Corp. has developed conductivities as low as 0.10 with 
0.000027 in. diam fiber in an atmosphere of Freon. Sig- 
nificant progress has been made in finding a suitable film 
to contain the Freon and exclude air from the interstices 
of the insulation. Results, to date, indicate that multipur- 
pose film laminates are needed to perform the dual duties 
of retarding vapor and air penetration, yet containing 
the heavy gas. This usually involves one film being 
vacuum metallized. Such a film is available and will per- 
form satisfactorily, provided foolproof folding and seal- 
ing techniques can be developed. 

Several basic obstacles must be overcome before the 
gas-filled insulation can be utilized in actual production. 
Adequate sealing, testing and installation techniques must 
be devised for high-production usage of bagged insula- 
tion. A means must be developed for allowing for the sub- 
stantial expansion and contraction of the gas with changes 
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Flexible sheet and pipe thermal 
insulation made from foamed elastomeric blends. 
(Armstrong Cork Company’s Armafiex). 








40 


Fig. 5 
PCF. Values at 1 atmosphere. 


in ambient temperature and pressure. The costs of the 
preceding operations must be justifiable in light of the 
present feasibility of a 21% in. wall thickness through the 
use of best currently available insulations, superior in- 
sulation design, better installation practices, larger com- 
pressors, heater strips and improved design of cabinet 
parts and subassemblies now contributing to through 
conduction. 


Molded Fibrous Glass Insulation 


Considerable advance has taken place in the past two 
years in the techniques of molding thermal insulation into 
complex shapes and forms. The basic insulation possesses 


both thermal and sound insulating properties. By molding 


the insulation into various shapes, additional properties 
can be imparted such as structural strength and vibra- 
tion dampening. In addition, various facings and coatings 
can be applied to give decorative effect, retard effects of 
moisture and reduce air friction. Where additional struc- 
tural value is needed, metal inserts can be molded into 
the insulation. 

An interesting application being studied involves the 
use of molded insulation for refrigerator doors whereby 
the contour of the door liner would be molded into the 
insulation. Such a design insures better insulation of the 
voids and simplifies assembly of the door insulation. 

Another application of molded fibrous glass insulation 
is its use behind the front panel of a window air con- 
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Thermal conductivities of gas-filled fibrous glass insulation. Fiber diameter: 0.000027 in. 


Density: 10.9 


ditioner. In contours similar to picture frame molding, 

the molded insulation is inserted around the perimeter of 

the front pane! to prevent condensation. Figure 6 shows 

some typical molded parts. 
Heated Appliances 

The product most effective for range and oven insula- 
tion is fibrous glass in unbonded forms known as “white 
wool,” which is available with standard fiber orientation 
or as laminar white wool. In either type, the soft white 
blankets with excellent draping characteristics permit the 
use of the wrap-around design to insure no open joints 
in the insulated space between the oven liner and the 
range shell. 

Although fibrous glass is available in preformed batts. 
use of the blanket type is predominant because the com- 
plete filling of voids is as vital in controlling the surface 
temperatures as is the conductivity of the insulation. 
Since no bonding agents are used in the white wool, there 
is no smoke and odor from volatilization of bonding agents 
used in other types of insulation. Figure 7 provides an 
analysis of reduction in surface temperatures in electric 
ranges through use of fibrous glass insulation. 

Similar applications of fibrous glass blanket wool have 
been developed for other heated appliances such as water 
heaters and portable roasters. 

Rock and slag wools have also been used as insulation 
in ranges and water heaters, but they are not adaptable 


93 





to the wrap-around technique. Also heavier density is re- 
quired to achieve the same thermal conductivity as fibrous 
glass wool. 

Limited use has been made of asbestos paper faced 
with aluminum foil, but this type affords little protection 
against hot surfaces. 


Combination Insulation 


The new AF Fiberglas (already described) combines a 
hatt-like rigidity and surface smoothness on one side 
with soft, fluffy contour-fitting, unbonded insulation on 
the other. This new material was designed to fill several 
needs. The design of ranges requires certain structural 
members. regardless of how undesirable this may be 
from the standpoint of through conduction. As operating 
temperatures climb higher, the heat conducted to the 
outer shell needs to be dissipated. By placing the insula- 
tion so that the firm side faces the outer shell of the range, 
an air space can be built into the oven to aid in con- 
duction of heat away from hot spots. At the same time, 
the oven liner is wrapped in fluffy blanket-type wool de- 
signed to do the best job of filling voids, conforming to 
the contours of the over and resisting the high oven tem- 
peratures. 

In water heaters housed in square jackets, the new in- 
sulation solves another problem. Water heater designs 
such as this do not provide sufficient support for the 
blanket-type of insulation ordinarily employed, and aux- 
iliary wire jackets are usually installed. By wrapping com- 
bination insulation around the tank with the unbonded 
surface next to the tank, the hot surface is insulated with 
a soft fluffy insulation easily conforming to the tank’s 
curvature and having no bonded insulation next to the 
tank. The exposed insulation surface is firm and permits 
the piece of insulation to be held in place with a minimum 
of mechanical attachment. 


Although still in the development stage, a faced type of 


the new AF Fiberglas shows promise as a low-cost insu- 
lation. At present, facings are available only on higher 
priced materials not economically feasible for extensive 
use in major heated appliances. If this type of faced AF 
Fiberglas fulfills present expectations, the designers of 
built-in water heaters will be able to use a flexible low 
cost insulation with serviceable dirt- and abuse-resistant 
facings, such as an embossed foil, to serve as the exterior 
jacket. Such designs are currently under evaluation. 


Fig. 6—Examples of molded fibrous glass 
insulation. Note complex shapes obtainable. 


Other Appliances and Equipment 
Home Laundry and Dishwashers 


Extensive study has been directed toward thermal 
insulation of appliances not previously insulated. The in- 
creasing concentration of appliances and equipment in the 
kitchen or utility room, formerly located out of sight in 
basements, requires that the heat losses be controlled for 
user comfort. Home laundry equipment, for example. 
usually requires insulation that is completely flexible 
since it is usually installed in narrow spaces, attached 
to the inside of the cabinet walls or to the washer tub. 
Automatic dishwashers frequently contain an additional 
insulation need in the form of a booster heater, which 
consists of a small tank containing a heating element. 
Due to space configuration, a bulk insulation does the 
most effective job. Lightweight unbonded white wool 
fibrous glass of the laminar type, is best for this appli- 
cation. 


Air Conditioners and Heaters 


In designing room air conditioners, space and air 
movement dictates the following considerations: 

1. The same insulation should serve both thermal- 

insulating and sound-deadening functions. 

2. The insulation should provide maximum effec- 

tiveness at minimum thickness. 

3. The insulation should be surface treated to pre- 

vent air erosion. 
. The insulation should be flexible to permit in- 
stallation in restricted spaces. 

Lightweight flexible fibrous glass insulations, such as 
Owens-Corning’s Aerocor have become widely used in 
such applications. Usually, these are coated with clear or 
black neoprene to insure minimum resistance to air flow. 
In the case of forced warm air heating and central air 
conditioning equipment, the current designs again require 
maximum efficiency with minimum thickness. Warm air 
heating equipment most frequently utilizes foil-faced 
flexible fibrous glass insulation held in place on the fur- 
nace jacket with adhesive and mechanical fasteners. The 
foil enables optimum utilization of the small amount of 
space available for insulation by insulating against 
radiant heat losses. Foil-faced corrugated asbestos paper 
is also available for such applications, but is usually more 
expensive for a given level of performance. Central air 
conditioners generally employ neoprene-coated flexible 
insulation such as that described for room air condi- 
tioners. 


Acoustical Insulation 

The appliance designer in particular is faced with the 
problem of acoustical insulation of appliances that in- 
creasingly are located within living spaces of the home. 
Numerous noise sources exist in the form of motor noise, 
noise of water in motion and spray washes, noise of high- 
speed air, and noise of rotating dishwasher and dryer 
drums. Designers are not only faced by a consumer de- 
mand for quieting of these noises, but at the same time, 
by a demand for smaller, space-saving units. Fortunately, 
insulation materials exist that enable economical treat- 
ment of these noises. (See Table 1) In many cases, the 
same insulation can be used for both sound and thermal 
insulation. Current design thinking is as follows: 
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Test No! 

Range insuloted os received 
American rock wool 

40 and 8 rock wool 
Fibergiacs TW-L 


Average room temperature = 75F 
Average oven temperature = 400F 
Weighted surfoce temperature 

rise above room temperature =32.5F 


Test Na 2 


Proposed design with 
Fibergios TW-L~ insulation 


Average room temperature = 75F 
Average oven temperature= 4O00F 
Average weighted surfoce 
temperature rise above 

room temperoture = 275F 


Refrigerators 


Depending upon location of the compressor, refrig- 


erators have noise sources either underneath the cabinet, 
on the rear of the cabinet, or inside the top rear of the 
cabinet. Space limitations are frequently very demanding, 
in which case, assembly conditions require that the in- 
sulation be a highly compressible, lightweight, rollable 
fibrous glass blanket, such as Aerocor. In other cases, 
space requirements are not as acute, permitting the more 
rigid, but less expensive batt-type insulations. These in- 
sulations are held in place with adhesives and, occasion- 
ally, by mechanical fasteners. 

Considerable development activity has been directed 
toward adapting molded insulation to these applications 
because of its structural as well as insulating properties 
(see Table II). Present design practice frequently requires 
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Fig. 7—Surface temperature analysis charts 
for electric kitchen range employing two 
systems of thermal insulation, as indicated. 
Test temperatures are in degrees Fahren- 
heit. Test method used is ASA Z21.1 Seec- 
tion 19, modified by use of a No. 30 I.C. 
thermocouple taped to the surface instead 
of the specified copper disk probe. 








bonding the insulation to a metal or cardboard part 
whose entire or partial function is to support the insula- 
tion. In one such design, a noise baffle now consists of 
lightweight flexible fibrous glass that adheres to a card- 
board shield. An alternate design under evaluation con- 
sists solely of a piece of molded fibrous glass with a high- 
density flange enabling it to be mechanically attached to 
the refrigerator cabinet. 


Dishwashers, Washing Machines, Dryers 


Where there is large-area treatment of these appliances 
for thermal control, the same insulation can be utilized 
and/or extended for economical quieting of objectional 
noise. The conventional method of insulating such ap- 
pliances thermally involved wrapping flexible insulation 
around the tub or drum. By redesigning the insulation 
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and placing it on the inside of the cabinet shell, it be- 
comes possible to utilize the same insulation also for 
acoustical dampening. Since the cabinet shell usually con- 
sists of flat surfaces, this location permits the use of lower 
cost batt-type insulations that are more rigid and can 
be used to assist in vibration dampening. 


Air Conditioners 


As room air conditioners have increased in condition- 
ing capacity and decreased in size, air movement and 
compressor motor noise have become objectionable. Vari- 
ous means have been developed for reducing these noises. 
The thermal insulation frequently contributes to reduction 
of the overall noise level, provided the material used has 
the ability to insulate both for sound and heat. 

The problem, however, has become so acute that ad- 
ditional solutions are required. One such solution calls for 
the use of molded fibrous glass insulation an air 
baffle, thereby serving the dual function of directing air 
flow and at the same time quieting the air noise. The 
insulation is molded 


as 


around a metal insert to enable 


fastening of the piece to a positioning member. In an- 





into an evaporator duct cover to serve the dual function 
of sound and thermal insulation. 

Vibration transmission to metal parts is another source 
of objectionable air conditioner noise. This problem has 
created a need for thin materials (%4¢ in. to 4 in.) 
capable of dampening vibration transmissions. A recent 
development designed to meet this need is high-density 
(4 PCF to 20 PCF) molded flat sheet fibrous-glass in- 
sulation. Due to the high densities involved, normal hot 
air curing of the insulation is inadequate. Consequently, 
techniques have been devised to cure this material by 
electronic and heat soak methods. The resulting product 
serves effectively in dampening vibration. Another suit- 
able material for such applications is saturated felt which 
is available in various densities and degrees of saturation. 

Acoustical dampening problems arise of course also 
in other product areas (office equipment, audio equip- 
ment, machine tools, to name a few). Here, too, the avail- 
ability of the newer materials discussed here may offer 


> C) ry C) 
solutions. OO 
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: . “Thermal Insulating Materials,” Alex. E. Javitz, ELectricaL 
other case, molded fibrous glass insulation was formed MANUFACTURING, May 195], p 86. 
Table I—Typical Sound Absorption Values for Fibrous Glass Insulation 
Sound absorption coefficient 
Thick- (per cent absorbed) at frequencies stated NRC°® 
ness, 
Product* in. Facing 125 cps 250 cps 500 cps 1000 cps 2000 cps 4000 cps 
PF-334 Vy none 0.10 0.46 0.42 0.53 0.68 0.73 0.50 
0.5 Ib/cu ft 1 none 0.11 0.54 0.60 0.81 0.81 0.80 0.70 
PF-335 Vy none 0.10 0.46 0.44 0.62 0.72 0.76 0.55 
0.75 Ib/cu ft neoprene 0.10 0.47 0.48 0.87 0.81 0.39 0.65 
1 none 0.11 0.54 0.63 0.85 0.83 0.82 0.70 
PF-336 “% none 0.10 0.46 0.45 0.66 0.75 0.77 0.60 e 
1.0 Ib/cu ft 1 none 0.11 0.54 0.64 0.90 0.87 0.84 0.75 ei 
PF-338 Wy none 0.10 0.46 0.48 0.73 0.80 0.80 0.60 
1.5 Ib/cu ft VY neoprene 0.13 0.44 0.43 0.77 0.87 0.85 0.65 
1 none 0.11 0.54 0.65 0.93 0.90 0.85 0.75 
1 neoprene 0.14 0.61 0.79 0.98 0.91 0.87 0.80 
PF-339 Va none 0.09 0.38 0.33 0.52 . 0.70 0.75 0.50 * 
2.0 Ib/cu ft Vy none 0.10 0.46 0.50 0.79 0.82 0.82 0.65 
PF-381 Y none 0.10 0.46 0.51 0.82 0.84 0.83 0.65 : 
2.5 Ib/cu ft 
PF-382 Vy none 0.10 0.46 0.52 0.84 0.85 0.84 0.65 : 
3.0 Ib/cu ft 
*Owens-Corning Fiberglas’ Aerocor insulation in the stat 
PNoise reduction coefficients 
Table tl—Typical Sound Absorption Values for 
Molded Fibrous Glass’ Insulation . 
Coefficients 
per cent sound absorbed) 
Nominal | | 
Mount-| Thick- | density, | 125 | 250 | 500 | 1000 | 2000 | 4000 reprin 
Product ing ness Ib/cu ft cps | cps cps cps cps | cps | NRC! No. 723 
PF-300 6 Va 8 0.10 | 0.33 0.18 | 0.33 | 0.71 | 0.78 0.40 t Reader Service 
Molded 
Insulation 6 Yr 8 0.14 0.39 0.41 | 0.85 0.89 0.85 0.65 
*Owens-Corning Fiberglass 
"Noise reduction coefhcients ee 
2 
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Fig. 1—Front view of tester with panels under 
test shown rack mounted at right. 


Automatic Tester 
imulates Circuits for Control Panels 


Homemade system. the heart of which is 
a motor driven cam drum with associated 
limit switches, checks out a complicated 
machine tool control panel in minutes 
prior to assembly on the machine. Simu- 
lated circuit principles demonstrated by 


case history. 


E. J. LOEFFLER and J. R. LONGENECKER 
Electrical Engineering Department 

THe Warner & Swasty COMPANY 

Cleveland, Ohio 
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PROVING-IN OF COMPLICATED MACHINE TOOL electrical 
control panels before installation on a machine is now 
done in 2 min at Warner & Swasey. It formerly took an 
electrician 5144 hr to do it manually. This substantial 
time saving is accompanied by increased accuracy in the 
checking and as a result there is very little risk of damage 
to the machines during the initial stages of machine run-in 
and test due to faulty electrical operation. 

The need for automatic testing developed as the num- 
ber of electrical functions on machine tools grew greater 
and greater, and the corresponding increase in the size 
and complexity of machine electrical control panels 
caused a major problem in verifying circuitry. Shop 
demands became steadily louder for a faster, simpler 
method for testing control panels before they were as- 
sembled to the machines. Manual checking required that 
an electrician, equipped with a continuity checker and 
a wiring diagram, test every connection on panels like 
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Automatic Tester 
Simulates Circuits 
for Control Panels 


(Continued ) 


those shown in accompanying illustrations, a lengthy, 
monotonous and, at best, inaccurate process. 

The problem of designing a suitable testing device 
was complicated by a need for flexibility to cover panels 
for different types of machines as well as modifications 
of standard machines made to satisfy special customer 
requirements. Also, the panels for the automatic machines 
provide for both manual and automatic operation of 
many machine functions and the same electrical devices 
are energized therefore through different circuits. 

To give the shop what it needed, a system as nearly 
automatic as possible was necessary. If machine operation 
could be approximately simulated, the equivalent of 
manual checking of each connection would be obtained, 
with a great increase in speed, and the elimination of 
human error. The direct objectives would be to auto- 
matically verify the wiring of the panels and to check 
relay contacts and coil continuity. The tester would pri- 
marily be intended to handle all panels for Warner & 
Swasey single-spindle chucking automatics, a form of 
turret lathe involving electrohydraulic changes of speeds 
and feeds, but should also be adaptable to simpler panels 
for other machines. 

Working from these basic requirements, an automatic 
testing device was designed and developed by the elec- 
trical engineering department. It features the ability to 
check any function that a manual inspection would check 
but it deals with entire sections of the control circuits 
rather than individual wires or relay contacts. 

However, like a manual inspection, the automatic tester 
has it limitations and its analysis is not expected to be 
100 per cent complete. These limitations actually are 
intentional omissions based on economic considerations. 
The equipment is purposely not arranged to verify any 
equipment or function which can be checked more 
cheaply and efficiently during the inspection of the as- 
sembled machine tool. Starter contacts, for instance, are 
not checked by the tester because they seldom cause 
trouble and any failure would be obvious during inspec- 
tion of the finished machine. Similarly, the tester does 
not check for grounds, as there had been so little trouble 
from this source that it seemed unnecessary to add such 
a check to the automatic cycle. However, an over-all test 
for grounds is made with a high-potential checker after 
the machine is completely wired. 

In effect, the tester puts the control panel through a 
cycle which fairly accurately simulates the control se- 
quence under conditions of actual use. In this process it: 


Verfies correctness and completeness of panel 
wiring 


Verifies operation of relays (A function which 
could not be performed by the previous manual 
system ) 


Verifies coil continuity 
Verifies correctness of contacts—normally open 
or normally closed. (Checked more thoroughly 


than was done manually. Only relays with NO 
contacts are purchased and these are converted 


Fig. 2—Programming of the tester is effected through segmental 
cams spaced on this wood drum. 


to NC contacts as required) 


Verifies certain parts of the circuits two ways, 
simulating both automatic and manual operation. 


The principal units of this testing device are a cam 
drum which operates a group of precision snap-action 
switches, a drum drive, a rack on which the control panels 
are mounted during the test cycle, interconnecting devices 
and wiring, and an auxiliary control panel which includes 
relays, starters, pilot lights, ete, Fig. 1. The cam drum, 
Fig. 2, is the “heart” of the tester operation. Control 
functions of the panel being tested are simulated by a 
bank of 45 small precision switches operated by cams 
fixed around the rotating cam drum, which is a wooden 
cylinder made in the pattern shop. For short duration 
switch operation, the “cams” are simply the round heads 
of wood screws; longer operation of switches is achieved 
through use of steel strips bent to fit the drum, with ends 
tapered for the switch rollers to ride on and off. The 
position and length of the various cams controls the test 
cycle. 

One of the tester limitations is that the sequence of 
switch operations is fixed and therefore the cycle is re- 
stricted to the testing of similar circuits. Limited varia- 
tions of the cycle can be obtained by wiring the inter- 
connections differently. Also, because all 45 switches 
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Fig. 3—Quick-acting connecting devices are permanently wired 
to test setup. Spring-backed pins make contact with terminal 


usually are not needed for any one test, some switches 
may be used for cycle variations. However, the circuit 
to be tested must be quite similar or the panels must be 
less complicated than that for which the tester was orig- 
inally designed. 


The bank of small switches is mounted on rods running 


parallel to the axis of the drum. In the original setup 
there were ten supports for the switch mounting rods. 
Deflection in them and in the switch operating levers 
has caused some malfunctions of the tester. Hence, a more 
rigid setup is being designed incorporating 60 switches 
instead of 45 for use with the same drum. 

The cam drum is rotated by a 3-phase gear motor with 
an additional wormgear reduction. Using such on-hand 
components gave a purely arbitrary but conveniently low 
speed of about one drum revolution in 2 min. The tester 
is capable of operating faster, and any means of turning 
the drum at a satisfactory speed could have been used. 

The main rack for holding panels under test (Fig. 1) 
is trunnion-mounted so that the panels can be loaded 
horizontally, then rotated into the vertical operating posi- 
tion. In most cases, however, the panels can be suspended 
vertically from a hand crane and loaded in the operating 
position. To provide maximum speed in changing the 
setup, separate auxiliary mounting racks or frames are 
used for each type of panel. These auxiliary racks in- 
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strips (screws omitted). Fig. 4—(Right)—-Wood cover has 
been removed to show leaf springs in slots. 


clude inter-wiring for the particular panel and are bolted 
to the main rack. 

Auxiliary Control Equipment. Pushbuttons, relays, 
starters, meters, circuit protection devices and pilot lights 
are included in the auxiliary control cabinet to supple- 
ment the action of the cam drum switches. They are 
necessary in some cases to supply control elements miss- 
ing from the panel circuit being tested or to provide more 
contacts when the cam drum switch contacts are not 
enough. The automatic chucking machines, for example, 
on which the larger panels are used have 20 to 30 
switches, operated by cams or dogs, and pushbuttons and 
rotary selector switches that have to be simulated. 

An important factor in the time-saving setup of the 
tester is the system of quick-connecting devices for hook- 
ing up the various panels to the test circuit. Since ter- 
minal blocks are located differently on various panels 
and varying numbers of terminals are involved, special 
connectors had to be designed. Most of the connections 
are made through toggle-lever-operated connecting blocks 
mounted on the auxiliary racks as are shown in Figs. 3 
and 4. These quick-connect blocks are clamped to the 
terminal blocks of the units being tested. Any other panel 
leads to which connections must be made are connected 
with alligator clips on the tester leads. Jumpers. wired in 
the cable groups, are used across the terminals or con- 
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Automatic Tester 
Simulates Circuits 
for Control Panels 


(Continued ) 


tacts of non-operating devices such as safety limit 
switches, etc. 

General arrangement of the quick-connect blocks is 
shown in Fig. 3. Pointed brass contact rods or plungers 
extend through the bottom of two hardwood sections to 
engage empty screw holes of the terminal blocks under 
toggle-clamp pressure. (Terminal blocks are purchased 
without screws and the Sems screws are put in during 
machine wiring. Figure 4 shows a connector block with 
the top cover removed, exposing the phosphor-bronze 
leaf springs which ride on top of the plungers. 

The interwiring between the tester and the machine 
panels is a permanent part of each separate panel mount- 
ing rack. This wiring is cabled on the rack and ends 
in a multi-pole connector which plugs into a receptacle 
m the auxiliary control cabinet. By wiring the plug 
cable differently for each type of panel to be tested, 
different sequences of cam drum switch and auxiliary 
control may be obtained without distrubing their perma- 
nent wiring. 

Modifications of standard panel arrangements, such 
as those controlling a two-speed instead of a single-speed 
motor, are checked on the tester by the use of selector 
switches which alter the auxiliary control and cam-switch 
circuits. Special panels are tested as far as possible like 
a standard unit, with manual checking of any elements 
not covered by the tester. Meters are included on the 
auxiliary panel for visual checking of a-c and d-c control 
voltages. 


Since the automatic tester is the last stop for the 
panels before assembly to the machines, it makes a con- 
venient work rack for installation of overload 
heaters, transformer connections and identification plates 
to correspond with the line voltage specified on the 
customer’s order. 


relay 


Tester Operation 

Basically, the tester consists of two parallel circuits, 
Fig. 5, wired to the starter of the cam-drum drive motor. 
Circuit A includes the panel being tested, combined with 


Tester 
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A-circuit under test combined with Quxiliary Circuit 
on tester 


TLS - tester limit switch 
M-tester motor starter coil 


Fig. 5—Basic test circuit includes starter for 
drum motor and circuit A under test. 


Fig. 6 (right)—“Dogs” placed on end of pentagon turret bar 
control selection of speeds and feeds of automatic turret lathe 
through switches, relays, solenoid valves and hydraulic clutches. 
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various auxiliary elements on the test set. The other cir- 
cuit consists of the motor starter holding contact MC in 
series with a cam-drum switch TLS; this circuit is mo- 
mentarily paralleled by the tester starting pushbutton. 

The operating cycle is started by operating the push- 
button to energize the motor starter coil M, which is 
then held in through its own contact MC in series with 
the TLS switch. As the motor rotates the drum, the cams 
operate switches which energize relays and parts of the 
circuit in the panel under test as well as units of the 
tester auxiliary control panel. Succeeding tests drop out 
those circuits originally picked up on the tested panel 
and, in turn, energize other circuits as the operation con- 
tinues. At intervals during this cycle the TLS switch 
will be opened, and if the circuit A through the panel 
under test is complete, the motor will continue to run. 
If there is a failure the motor will stop, alerting the 
electrician. Pilot lights on the test set indicate the portion 
of the circuit in which the stoppage occurred. 

The electrician is given a test sequence which indicates 
the order of operation of each switch, its duration in the 
test cycle, and the relays and starters that are energized or 
de-energized at each interval. As a further aid to the tester, 
an elementary wiring diagram for each step in the cycle 
is also provided. The steps in the sequence are numbered 
to correspond with the numbers on the cam drum so 
that the electrician is given a positive indication as to 
the troublesome circuit in the event the tester stops. In 
practice, reference to these numbers seems to be more 
help in quickly locating the trouble than does the 
original pilot light scheme. 

An example of how a complex control circuit is 
simulated will be taken from a section of the control 
for the W & S 2-AC single-spindle automatic turret lathe. 
Work is chucked on the spindle which has six turning 
speeds available through gear combinations set up 
through hydraulic clutches and controlled through sole- 
noid valves. Cutting tools are mounted on the face of a 
pentagon-shaped turret bar which can be fed at different 
rates longitudinally and indexed from station to station. 
Selection of speeds and feeds for each tool station is 
obtained by movable “dogs” on corresponding faces of 
the pentagon turret bar at its opposite end, Fig. 6. These 
dogs actuate each of two sets of four switches to control 
the solenoid valves and hence the respective speed and 
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feed rate changes. In simplified form the circuit for the 
automatic selection of spindle speeds is shown in Fig. 7. 
\ few contacts not essential to the following explanation 
have been omitted in explaining the circuits function. 

Any one of six dogs may be used to operate three 
of the switches in a certain combination of solenoid 
valves for a selected spindle speed. Switches SLS], SLS2 
and SLS3 are used to select the particular relay and 
valve combination, and switch SLS4 is used to energize 
it. This sets up a circuit to the SRI, SR2 or SR3 relay 
coils. Then the SLS4 switch is depressed by the dog, 
picking up relay SR, which completes the circuit to the 
SR1, SR2 or SR3 coils. Contacts on these relays operate 
the solenoids, and the valves in turn apply the hydraulic 
pressure to the clutches to engage the spindle at the 
selected speed. 

As the dog is carried farther by the longitudinal move- 
ment of the pentagon, the SLS4 switch is released first. 
Relay SR drops out and relays SRI, SR2 or SR3 hold in 
through their own contacts in series with a normally 
closed SR contact. Finally SLS1], SLS2 or SLS3 is re- 
leased. These selection switches are operated first and for 
a longer time than the initiating switch (SLS4). If speed 
changes are required after the first speed is selected, 
it is only necessary to place another dog on the pentagon 
farther into the stroke. This will select the new speed 
and will cancel any unwanted relay (SRI, SR2, SR3) 
by the operation of the normally closed SR relay con- 
tact breaking the holding circuit. 


Figure 8 shows the circuit under test combined with 
the auxiliary equipment and limit switches on the tester 
unit. Only those devices actually on the control panel are 


shown in this circuit—devices elsewhere on the machine 
(including the SLS_ switches, pushbuttons, selector 
switches, etc.) are not included in this test. The tester is 
started by operating the pushbutton, picking up the drum 
motor starter coil M and holding it energized through 
TLS5 and the M contact. The cam drum then rotates, 
first operating TLS] and, after a short time interval, 
TLS4; this simulates the action of the SLS] and SLS4 
switches on the machine. 

When TLS4 is operated SR, then SR] and TRI are 
energized. First TLS4 and then TLS] are released and 
the drum unit continues to drive to TLS5. When TLS5 
opens, if 7R4 is energized, the circuit to the motor starter 
coil is still complete and the motor keeps driving. If 
there has been a failure in any of the relays or in the 
wiring, the motor will stop, calling the failure to the 
operator’s attention. If there were a stoppage, the pilot 
light PL4 would not be lit as called for by the test and 
the number on the cam drum and on the sequence sheet 
would indicate the section of the circuit which had failed. 
If everything has worked satisfactorily, 7LS5 will reclose 
and then TLS2 and TLS4 will operate to pick up SR 
and SR2 and the sequence continues. 

During the succeeding testing of the SR2 circuit, the 
normal operation of the SR relay will drop out the SRI 
and TRI relays because the TLS] switch has not been 
operated. If, through some fault in the wiring, SR] and 
TRI remajn gnergized while SR2 is called for on the 
test set-up, this sequence of events will stop the test. 
This is because the normally closed interlocks of TRI and 
TR2 in the TR4 and TR5 coil circuits would prevent 
either TR4 or TR5 from being energized to permit the 
motor driv< to continue. 200 
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Fig. 7—Section of electrohydraulic 
control circuit for Warner & Swasey 2AC 
single-spindle automatic chucking machine. 


TLS - tester limit switches 
TR- tester ouxiliory relays 
M-tester motor storter 
PL-tester pilot lights 
Solid lines - circuit under test 
Dotted lines - tester circuit connections 


Fig. 8—Tester circuits combined 
with the control circuit of Fig. 7. 





A fully developed relay transfer tree with n relays has 2" possible outputs and re- 
quires 2" —1 transfers (or transfer contacts) regardless of how they are connected. . . 
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Three relay tree with 2° or eight possible 
states and 2° —1] or seven transfers, each 
consisting of a NO and a NC contact with 
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substituting unprimed letters for NO 
contacts and primed letters for NC 
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developed three-relay tree, also requir- 
ing seven transfers to provide eight out- 


common operating point. contacts. 


Minimizing 
Relay Tree 


{ unique graphical method for “mapping” 


minimum number of transfer contacts. (It 
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\ TRANSFER TREE is a particular type of multiterminal 
relay network having a single input which may be con- 
nected to any one of a number of outputs. (J, 2)* One 
and only one output is connected to the input at a given 
time, the selection being controlled by the combination 
of network relays operated. Each input-to-output path 
passes through one and only one contact on each relay 
in the network, and all outputs are disjunctive. 


*Ital numbers in parentheses refer to Cited References at end of article 


puts. 


Partially Developed 
Circuits 


circuit arrangements with a 


“plays” like tick-tack-toe. ) 


The number of possible relay combinations with n 
relays is 2"; therefore, in an n-relay transfer tree there 
are 2" possible outputs. A fully developed tree has an 
output terminal for each of the 2" possible relay combi- 
nations, and the total number of transfers in the tree is 
2"—1. A partially developed tree has less than 2" output 
terminals, and the total number of transfers in the tree 
may vary. A transfer, or transfer contact, is a combina- 
tion of a normally open and a normally closed contact 
with a common operating point. 

By the rearrangement of a fully developed tree, the 
contact load on all relays except the first may be made 
more uniform. However, regardless of the arrangement, 
the total number of transfers in the tree remains 2"—1. 
Rearrangement of a partially developed tree, on the other 
hand, can lead to a reduction in the total number of trans- 
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- +» but a partially developed tree has less than 2" outputs and the number of transfers 


required many vary. Problem is to find circuit requiring least number of transfers. 
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Partially developed three-relay tree using 
only four outputs but requiring six trans- 
fers. (Both sides of transfer are not 
used in all cases). 


Partial 


fers required. The majority of transfer trees used in 
switching circuits are partially developed, and it is de- 
sirable that there be a method of minimizing them, i.e., 
obtaining a required tree with the minimum number of 
transfers. All possible arrangements of a tree could, of 
course, be obtained, and the minimal one selected, but 
this process is long and laborious, prohibitively so in 
many cases. The following table gives some indication 
of the progressive complexity of a trial-and-error approach 
as n increases. 


Number of relays 


Number of possible arrangements 
in tree (n) 


of fully developed tree (P) 
91 ‘ 

Sie 92 - b 
fie 32e¢ 24 = 57 

Sie 420 Zte 28 = 1,658 ,8 

6 61° 52° 44e 38°96 = 16,511,297,126,4 


6 
0 
0 


& 
0 
The number of possible arrangements of an n-relay tree 
is represented by 


Loe Dev! IL-2 |L@-sy |. + - [2] 


If P represents the number of possible arrangements of 
an n-relay tree, then the number of possible arrangements 
of an (n+-1)-relay tree is (n+-1) P?. This article presents 
a straight-forward graphical method of minimizing par- 
tially developed transfer trees. 

Basis for Method. In a fully developed transfer tree, 
such as the four-relay tree on next page, a branch (minor 
tree) representing 2* combinations contains 2*X—1 trans- 
fers (x is the number of variables in a branch). For 
example, the branch labeled (2) represents four combina- 
tions and contains three transfers; the branch labeled 
(4) represents one combination and contains no transfers. 

A particular partially developed tree can be obtained 
by starting with a fully developed tree and removing the 
branches representing the groups of invalid output com- 
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circuit rearranged 
same four outputs, but requiring only 
five transfer contacts. 


to provide Minimized partial circuit translated into 


conventional relay symbols. 


binations. The removal of a branch representing a group 
of 2* invalid combinations results in the elimination of 
2*—] transfers. For instance in the four-relay tree, if 
the four combinations A’BCD, A’BCD’, A'BC’D and 
A'BC'D’ were invalid, the branch labeled (2) represent- 
ing this group of four combinations, could be removed, 
eliminating three transfers. 

It follows that the total number of transfers eliminated 
equals the number of invalid combinations minus the 
number of into these combinations are 
combined. The method of minimizing a partially devel- 
oped tree, therefore, consists of starting with a hypo 
thetical fully developed tree and eliminating the maximum 
number of transfers by arranging the order of the relays 


groups which 


Relay Tree Relationships 


number of relays in tree 
number of output combinations in 
fully developed tree 


number of transfers in fully developed 
tree 
combina- 


number of invalid 


output 
tions 
number of valid output combinations 


p number of 
maps 


invalid-combination sub- 


(m — p) number of transfers eliminated from 


fully developed tree 


1) —(m — p) = Q" —m) + p-—1 = number of 
transfers in partially developed tree 


(2" ov 
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in the tree such that the invalid combinations can be 
combined into the minimum number of groups. 

The key to the method, then, lies not in the analysis 
of the valid relay combinations, but rather in the analysis 
of the invalid combinations. 


Method. “Maps” or charts (3, 4) are used as the 
means for combining the invalid combinations and ob- 
taining the optimum order of the relays in the tree. There 
are notable differences, however, between the normal use 
of the maps and their use here. In this method: 

1. The invalid rather than the valid combina- 
tions are of prime consideration. 
2. Each relay combination is not considered as 
often as desired but is considered only once. 


The groups formed must be compatible with 


fundamental transfer tree configuration. 

The use of the map to obtain any desired partially 
developed n-relay tree (not necessarily a minimal one) 
will be described first in terms of the example shown for 
a partial four-relay tree utilizing only eight of the pos- 
sible 16 outputs. 


Step 1. An n-variable map of 2° squares is drawn, 
and an X is entered in each square representing a valid 
combination. In the map shown for a four-relay tree, 
there are 2* or 16 squares representing 16 possible out- 
puts. The cross-dividing lines that project beyond the 
map proper serve to index each square in terms of the 
Loeb, 1) ee. 


Top two horizontal rows represent circuits with A 


four variables or relays 


contacts and the bottom two rows represent circuits with 
1’ contacts. Likewise the two left vertical rows stand for 





Branch (1) represents 8 combinations and contains 7 transfers. 
Branch (2) represents 4 combinations and contains 3 transfers. 
Branch (3) represents 2 combinations and contains 1 transfer. 
Branch (4) represents 1 combination and contains 0 transfers. 
Removal of a branch representing 2" combinations results in 


the elimination of 2° 1 transfers. 
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circuits with B contacts and the right vertical rows tor 
circuits with B’ contacts. Map is similarly cross-divided 
into C, C’, D and D’ areas. Each square can then be 
identified by four letter symbols. 


Step 2. The map is then divided into two (n—1)- 
variable submaps (in this case, two 3-variable submaps). 
The divided variable (B) becomes an adjunct to one sub- 
map, and the negative or converse of the divided variable 
(in this case B’) becomes an adjunct to the other submap. 
In each submap, the adjunct to that submap is written in 
the lower lefthand corner of each square representing a 
valid combination. (The particular order of subdivision 
used in this example leads to a minimal tree; the basis 
for arriving at this optimum order will be apparent later, 
and the example will be reviewed from this standpoint.) 


Step 3. Each (n—1)-variable submap of Step 2 con- 
taining a valid combination is subdivided into two 
(n—2)-variable submaps. The newly formed adjunct in 
each case is written to the right of the previously written 
adjunct. As shown, the B submap is divided into A and 
A’ submaps, the latter invalid, while the B’ submap is 


divided into D and D’ submaps. See heavy lines. 


Step 4. A submap containing only invalid combina- 
tions is not further subdivided. Dividing the right hand 
A and A’, 


C and C’ submaps, results in the isolation of three invalid- 


column into and the right center column into 
combination submaps which are not further subdivided. 
An invalid-combination submap containing 2* squares 
represents the elimination of 2*—1 transfers. The three 
invalid submaps thus represent 3-+-1+-1 or five eliminated 
transfers. 


Steps 5, 6. The subdivision process is continued until 
each valid square becomes a submap; all other submaps 
will contain only invalid squares. 

The designation of each valid combination will be 
completely written at the bottom of its representative 
square. The transfer tree can then be drawn with refer- 
ence to these written designations, each input-to-output 
path from left to right corresponding to the equivalent 
order of the related written combination. The “final cir- 
cuit” shown was drawn directly from Step 6. 


The order of subdivision determines the order of the 
relay contacts in the tree. The writing of the adjuncts 
in the valid squares is the means of recording the order 
of subdivision so that the transfer tree can be drawn by 
reference to the map. The subdivision process insures 
that the submaps formed will be compatible with trans- 
fer tree configuration. 

Any order of subdivision will lead to a legitimate tree. 
However, to obtain a desired tree having the minimum 
number of transfers, the map must be subdivided such 
that the number of invalid-combination submaps is a 
minimum. The procedure is to combine the invalid com- 
binations into the minimum number of groups that can 
be obtained by the subdivision process (there may be 
more than one way of doing this), and then subdivide 
the map to form the desired groups (there may be more 
than one way of doing this, also). 

This was the procedure followed in the running ex- 
ample as a review of the example will illustrate. Analysis 
of the map in Step 1 shows that the minimum possible 
number of groups of invalid combinations is three (A’B, 
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Example: 


Minimizing a 


Partially Developed 


Four-Relay Tree 


B'C'D' and AB'D), and that these groups can be obtained 
by the subdivision process—this latter is important (see 
“false minimums” below). Furthermore, to form these 
three particular groups, the map must be subdivided in 
the order illustrated. The final tree obtained is, therefore, 
a minimal one. 


The foregoing method may be modified; for instance, 
the subdivision process may be continued only until all 


False Minimums 


Grouping indicated by vis- 

ual inspection of a map can 

not always be realized by 

subdivision. In the accom- 

panying map, it is possible 

to combine the invalid com- 

binations into three groups 

(AB, A'CD’, B'C'D), how. 

ever, these three groups can- 

not be collectively obtained 

by subdivision (they are Dp 

not compatible with transfer tree configuration). The minimum 
number of invalid groups that can be obtained by the sub- 
division process is four. 
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Valid Combinations 


B ¢ D 
BC D 
B C’D 
er oF 
Cc Dp 
‘ec Dp 
as 
_- 


ne 
Co 


Finol circuit Preliminary circuit 


invalid-combination submaps have been formed, as illus- 
trated in Step 4. From the map at this state, the tree can 
be partially constructed as shown in the “preliminary 
circuit”. Branch removal has been completed and the rest 
of the tree can be drawn by inspection. ° 
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TC 


Per cent error, 


Fig. 1—Temperature coefficient 
error vs error in test tempera- 
ture measurement. 





2.0 3.0 
Test temperature error from nominal, deg C 


Measurement of 
Resistor Temperature Coefficient 


Fig. 2—Effect of 0.2 per cent re- 
sistance bridge error on tem- 
perature coefficient measure- 
ment for various incremental 
temperatures. 


Fig. 3—Effect of resistance 
measurement accuracy on tem- 
perature coefficient measurement 
for various incremental tem- 
peratures. 


Problems involved in temperature coefficient measurements of resistors include the cumulative 
effect of small errors in measurement of temperature and resistance, shown graphically for 


standard temperature increments. A precision resistance measurement bridge is also described. 


E. THOMPSON 
INTERNATIONAL RESISTANCE 
Philadelphia, Pa. 


COMPANY 


\ REAL DIFFICULTY determining 
resistor temperature coefficient through the use of regular 
bridges and temperature controlled chambers. The de- 
gree of error resulting may be minimized by care and 
use of equipment, but the equipment itself will limit the 
accuracy. Any measurement of temperature coefficient 
(TC) has two things in common 
temperature and resistance. 


EXISTS in accurately 


the measurement of 
Temperature coefficient of a resistor may be measured 
in a number of ways. By definition (in finite terms) : 


TC = (R,—R,/R,) (100/t,—t,). 
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Where: 7C = temperature coefficient of resistance in pet 

cent per deg C 

R, =resistance at reference temperature 

R, = resistance at test temperature 

t, temperature in deg C at reference tem- 
perature 

t, —= temperature in deg C at test temperature. 


Temperature Control 


Military Specification MIL-R-10509B, widely applied 
in the resistor industry for film type resistors, indicates 
the reference temperature as room temperature (-+-25 C). 
The test temperatures are —15 C, —55 C, +65 C, and 
+105 C. It is necessary to employ test equiment which 
will readily maintain these temperatures for TC measure- 
ment. 

Figure 1 shows a plot of maximum possible error in 
TC measurement that might be introduced from errors in 
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S D oa 
oO oOo Oo 


Moximum per cent error, TC 


™m 
oO 


Note: 
Total error = 0.2 per cent mox 


Example: 
1k @ 00025%/deg C 
0.1%=1 ohm 
02% = 2 ohms 


AT=40C Q025%/deg C 
x90C =1% 


1kx 1% = 10 ohms 
; 9 Oe 
Error = oO = 20% 


60 
Incremental temperature (A7), deg C 


holding test temperatures for various temperature incre- 
ments. There are two temperature increments given in 
MIL-R-10509B, 40 C and 80 C (from +25 C to +65 C 
and to —15 C, and from +25 C to +105 C and to —55 
C). For this reason plots of AT = 40 C and AT = 80 C 
are shown. Other values are for internal control at IRC. 
Note that the relationship between temperature error and 
per cent deviation in TC is linear. For a given tempera- 
ture controlled cabinet, it is very apparent that the greater 
the temperature increment, the smaller the resulting TC 
error. An error of from 3 to 5 deg C, or even higher, is 
not uncommon. 


Resistance Measurement and 
Associated Problems 


Resistance measurement is another source of error in 
determining TC. As noted previously, any resistance or 
impedance measuring device is no more accurate than the 
resistors or other components built into it. Most precision 
resistance measuring devices consist of a null indicating 
device and a bridge network which includes standard 
reference resistances. The accuracy of all are limited by 
the accuracy of the standard resistance. Also, the number 
of decimal places to which resistance may be read is im- 
portant, i.e., it is not to be expected that the same degree 
of accuracy is attainable with a four-dial bridge as with 
a five- or six-place bridge. However, the sensitivity of the 
bridge or measuring device must be such as to make the 
fifth. or sixth-place dial meaningful. The sensitivity of 
most bridges decreases with an increase in range beyond 
a given point. Hence, within a given range or resistance, 
the bridge may exceed the accuracy guaranteed by the 
manufacturer, and over another group of higher ranges, 
the accuracy decreases because of reduced sensitivity. 

Normally, resistance bridges of the Wheatstone type 
and similar bridge networks have varying degrees of 
accuracy based on the individual resistance elements used 
in the bridge, coupled with the accuracy of the indicator 
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Family of curves fora TC of 
0.005 per cent / deg C \50 ppm) 


Incrementol temperature, deg C 


arrangement. Resistance bridges of the four- and five- 
dial commercial types (including Kelvin) often have a 
guaranteed accuracy of 0.1 per cent. At the high ex- 
treme of the bridges, this accuracy generally decreases 
as sensitivity falls off and the null point becomes less 
pronounced. 

A second error that often manifests itself with the use 
of the five-dial bridge 
change of decade means the use of another set of resistors 


is the changing of decades: a 


whose tolerance from nominal may be within guaranteed 
tolerance but still widely different from the first set and 
serve to give an error. For example, suppose a 100-ohm 
deposited carbon resistor is to be measured for TC at 
+105 C and —55 C and it has a nominal TC of —200 
ppm. At +105 C the resistance reading would be 98.400 
ohms and at —55 C, it would be 101.60 ohms. Each read- 
ing would be utilizing a different set of standard resistors, 
each of which could be at opposite ends of the allowable 
tolerance, and if the accuracy of the resistors used within 
the bridge is 0.1 per cent, the resulting error could be 
0.2 per cent. This large error would not have appeared 
if the initial reading had not fallen at the edge of the 
decade: nevertheless it is a common failing of this method 
of resistance measurement. 

A third error sometimes manifests itself through im- 
proper use of the bridge. Resistance bridges often have 
incorporated in them ratio arms that extend the range of 
the bridge. These arms have heavy brass plugs that may 
be inserted in various positions to give the desired re- 
sistance ratio. If the brass plugs are not firmly seated, 
an error can be introduced into the measurement. This 
error is unpredictable and on low range units may be 
quite large. 

Figure 2 shows graphically the maximum per cent 
errors in TC which could exist using a normal resistance 
bridge with a guaranteed accuracy of +0.1 per cent over 
incremental temperatures from 40 to 100 C. It is quite 
apparent that the degree of error possible is dependent 
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upon the TC of the unit or units under measurement. For 
a TC of 250 ppm measured from room temperature to 
65 C or to —15 C, the error in TC may be as high as 
20 per cent. Over the same span (but a TC of 50 ppm), 
the error may be as much as 100 per cent; i.e., the TC 
may be measured as being 0.00 ppm or 100 ppm. By 
doubling the span, the error drops by a factor of two. 

Figure 3 shows the effect on the TC measurement if 
the measuring accuracy is increased. The 50 ppm example 
given in Fig. 2 is shown since this TC presented the worst 
case. Here as in the first case a family of curves exist 
but only three degrees of measuring accuracy were 
chosen: 0.1, +0.05, and +0.01 per cent. It is obvious 
that the greater the accuracy obtainable, the smaller the 
TC error. A bridge with built-in standard resistors of 
+0.01 per cent accuracy is prohibitively high in cost. 
The way IRC has solved the problem is described below. 

Before so doing, it is well to ascertain the composite 
error possible in a normal or average TC measuring sys- 
tem. Assume that a resistance bridge with an accuracy 
of +0.1 per cent and a temperature chamber with an 
atmosphere controlled within 1.5 per cent are avail- 
able and it is desirable to determine the TC of a 250-ppm 
resistor. Figure 4 shows the individual maximum possible 
errors for both temperature and resistance measurement, 
plus the composite error. At AT 40 C, the error intro- 
duced due to temperature is 8.5 per cent and that due to 
resistance is 20 per cent, giving a combined error of 28.5 
per cent. These two errors might, by chance, be com- 
pensating errors and the combined error then would be 
11.5 per cent. Note also that the larger the temperature 
increment, the smaller the TC error. 


Reducing Resistance Measuring Error 


The development of metal film resistors exhibiting 
temperature coefficients of a low order of magnitude 


necessitated a measuring system of extreme accuracy. 


The bridge network used at IRC is illustrated in Fig. 5. 

Essentially this bridge is identical to the normal Wheat- 
stone bridge with the exceptions of the precision poten- 
tiometer and the null detector. It has been found that, 
for precise resistance measurements, the tangent galva- 
nometer arrangement commonly used with commercial 
bridges has insufficient sensitivity for use in the circuit 
shown. A vacuum tube amplifier arrangement of the null 
type with a high degree of sensitivity was substituted. 
The novel feature of the bridge, is a 10-turn potentiometer 
with a micrometer dial having 100 divisions per turn. 
Under normal operation, the potentiometer is set at its 
midpoint; hence 500 ohms in this circuit is equal to 5 
per cent. With 500 dial divisions each side of the center 
position each division represents 0.01 per cent. The 
attainable accuracy is then limited by the sensitivity of 
the null detector. With this arrangement, over a 100 C 
increment, the dial divisions will read directly in per cent 
500 ppm in TC 
measurement or +5.00 per cent from center setting (i.e., 
0.05 per cent per deg C 100 C = 5.00). However, by 
using a potentiometer of a higher resistance, the TC range 


or ppm. The bridge is then good for 


in ppm could be extended. 

TC Measurement Example. Suppose a 1.02-K re- 
sistor with a TC of —200 ppm is to be checked. The 
standard decade resistance is set in the vicinity of 1.02K, 
say at 1000 ohms (approximately 2 per cent low). If the 
resistor is actually 1.02K at 25 C and the check is being 
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Toto/ possible error in TC 


Determination due to both temperoture 
and resistonce errors. 


TC maximum error, per cent 





80 
Incremental temperoture,(A7), deg C 


Fig. 4—Maximum total error in TC measurement at various 
incremental temperatures on a 250 ppm resistor using a 0.2- 
per cent resistance bridge and temperature control to within-3C, 


Ro 
10 turn 
precision 
potentiometer 
with good 
lineority 
Rp 


Sensitive null 
detector 


Fig. 5—Resistance measuring bridge circuit employing a 10- 
turn potentiometer and sensitive null detector. 


made at that temperature, the potentiometer reading must 
be 300 for a balanced condition to exist on the null de- 
tector. Next the resistor is placed in a controlled atmos- 
phere of 125 C. After 30 min, it will be stable ‘n tem- 
perature. With a — 200 ppm TC (— 0.02 per cent deg 
C X 100 deg C = — 2 per cent), the potentiometer read- 
ing after balance will be 504. Subtracting 300 from 504, 
gives a TC of — 204 ppm. It appears that an incorrect 
measurement has been made but such is not the case. 
Remember that the initial set-up on the standard decade 
was in error by +2 per cent. Recall the formula: 


TC = (R, —R,/R,) (10°/AT) 


(Continued on page 310) 
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Design and 

Cost Advantages 

in Class H-Insulated 
Integral-Hp Motors 


J. F. DEXTER, Manager, Electrical Section 
Product Engineering Laboratories 
Dow Corninc Corporation, Midland, Michigan 


IN DESIGNING ELECTRICAL EQUIPMENT insulated with 
Class A materials, the engineer is restricted by the 105 
C maximum insulation temperature limitation. Since 
heat losses in the equipment must be dissipated rapidly 
enough to keep the temperature within the 105 C limit, 
an adequate surface area must be provided. As the area 
of the radiating surface decreases, higher surface tem- 


performance 
that 
silicone-insulated  71/2-hp 
TEFC units in NEMA 2-hp 


84Z frame have essentially 


Comparative 


characteristics show 


the same characteristics as 


conventional 71/o-hp mo- 


tors in the larger and 
heavier 254U frame. Pro- 
duction costs show substan- 
tial savings in frame, rotor 
and lamination metals. Ap- 
plications are indicated in: 


machine tools: traction 


equipment; mining equip- 


ment: mobile welders, 


pumps and _ generators: 


marine and aircraft equip- 


ment. 


peratures are required to dissipate the heat. This factor 
in most instances determines the size and the weight of 
electrical equipment. 

With the development of a Class H insulating system 
bonded and impregnated with silicone resins, varnishes 
or rubber, temperature limitations have been 
practically removed as a factor in the design of elec- 
trical equipment. Extensive motor tests (1, 2, 3)* con- 
firmed by 10 years of field experience prove that silicone 
insulation can be operated continuously at 180 C with a 
life expectancy comparable to that of Class A and Class 


these 


*Italic numerals in parentheses apply to Cited References at end of article 


Fig. 1 — Size comparison of Class A and Class H 714-hp, totally 
enclosed fan-cooled, 3-phase induction motors. 


Respective weights: 183 lb and 95 lb. 





B insulations operated at their maximum temperatures use, Dow Corning asked engineers at Westinghouse 
of 105 C and 130 C respectively. Electric Corporation to design and build a 714-hp motor 
To demonstrate what could be done through the in the smallest practical frame size. Such a motor would 
functional use of a silicone insulating system in the operate within the AIEE Class H temperature limit and 
design of integral-horsepower motors for industrial meet all NEMA operating requirements. In Fig. 1, a 
silicone-insulated 74-hp motor built on a NEMA 2-hp, 

184Z frame is compared with a conventional Class A 

insulated, totally enclosed, fan-cooled 744-hp motor built 


in the new NEMA 254U frame size. Output is equal, but 
Table i—Nameplate Data Class A and Class H 


; the silicone-insulated motor is about one-half the size, 
7¥2-Hp TEFC Induction Motors ag 
weighs only half as much, and requires about half as 


much copper and iron as the Class A motor. The silicone- 

; insulated motor has a better full-load power factor. 
HP 7.5 HP 7.5 Name plate data on the two motors are given in Table 
Frame 254U Frame 184Z 1. Operating characteristics are given in Table II. Even 
3-phase 3-phase ae g ; ; 
220/440 volts 220/440 volts though the Class H motor is only one-half the size of 
22.4/11.2 amp 20.4/10.2 amp the Class A motor, its operating characteristics are essen- 
1750 rpm 1715 rpm tially the same. The data given in Table II are shown 
60 cycle 60 cycle a = ens or dae 

Type design encl.—ABFC Type design encl.—ABFC graphically in Figs. 2 and 3. These data are not corrected 
Wt 183 Ib Wt 95 Ib to a reference temperature stabilized at the operating 


Class A Class H 


load. This realistic comparison differs from the cus- 


Table tl—Characteristics of Class H and Class A 7'%-Hp TEFC 440-Volt, Three-Phase 
Induction Motors 


Class H—Frame 184Z Class A—Frame 254U 


Performance characteristics Temp. rise deg C Test value 


| 


Temp. rise deg c Test value 





Frequency 60 r 
Volts, test 
Mag. amp per term. at no load 


Locked-rotor kw at 440 volts 
Stator resistance (T-T) at 25 C 
Total no-load losses, watts 

Total full-load losses, watts 1150 


* 
Locked amp per term. at 25 C 58 
2 


Full load rpm 

Full load watts 

Full load amp 

Full load torque, Ib-ft 
Pull-in/full-load torque 

Max. torque/full-load torque 
Starting-torque /full-load torque 
Slip at full load, per cent 


Efficiency, per cent:* 
1% load 


1745 
6750 


Ns 


SBEne° 


BRZZ°- 


= 


wrpeees sree 





S1B88 


Power factor, per cent:* 
1% load 
Full load | 


¥% load 
Y% load 
Y% load 


MNUNe BNDOO 


S38kS BSEaS wan BSE 
NDONwWm Bwowow 


S8aee 





Full-Load Temperature Tests 
Characteristics Class H—Frame 184Z 


; 


Temperature rise, frame, deg C 71.5 
Stator copper temperature rise, deg C: 
By resistance ) 125.5 
By thermocouple 111.0 
Bearing temperature rise, deg C 65.0 


*Measured at operating temperature 
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tomary method of reporting motor characteristics cor- 
rected to 75 C. These data prove that with proper design 
the size and weight of silicone-insulated motors can be 
materially reduced without sacrificing performance. The 
horsepower-torque, locked-rotor, no-load and speed- 
torque characteristics of the silicone insulated motor are 
shown in Figs. 4, 5, 6 and 7. 

Although the silicone-insulated motor operates at a 
higher temperature than the Class A motor, it is more 
efficient. It is erroneous to assume that Class H equip- 
ment must be less efficient because it operates at high tem- 
perature. Since the same losses must be dissipated from 
only one-fourth the surface area of a Class A motor, 
the silicone-insulated motor must necessarily run hotter. 

The small, silicone-insulated motors are entirely new 
and were built on a special engineering order. A real 
istic cost analysis cannot be based therefore on the 
actual, relatively high costs of these pilot units. How- 
ever, an estimate of costs can be made by comparing 
the relative labor and material cost for the silicone- 
insulated motor with those of a standard 714-hp, Class 
A motor. It would be assumed that the silicone-insulated 
motors would be made on a production basis at approx- 
imately the same labor rates as the Class A motor. 

For cost-comparison purposes, a large motor manu- 
facturer provided relative cost data for a 74-hp, TEFC, 
Class A, frame 254U motor and 2-hp, TEFC, Class A, 
frame 184U motor. From these actual cost data an esti- 
mate of the cost of the silicone-insulated motor is 
possible. In Table III, the relative manufacturing costs of 
the two 714-hp motors are compared. The cost of the 
complete 714-hp TEFC, Class A-insulated induction 
motor is taken as 100 per cent. The costs of the various 
components of each motor are calculated as a percent- 


age of the total finished motor cost. For example, the 
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Fig. 2— Performance characteristics of 
714-hp, TEFC, Class H induction motor. 
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Fig. 3 Performance characteristics of 
744-hp, TEFC, Class A induction motor. 
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Fig. 5 Locked-rotor characteristics of 
74-hp, TEFC, Class H motor. 
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complete 254U frame including bearings, rotor and 
laminations costs 72 per cent of the total motor cost; 
insulating materials cost only 4 per cent. The percent- 
ages apply to manufacturing costs only and do not 
include profit and overhead. 

Since the cost of the frame alone constitutes such a 
large percentage of the total, it is obvious that sub- 
stantial dollar savings are realized by designing in the 
smaller frame. These savings more than compensate for 
the somewhat higher material and labor costs of the 
silicone winding. This estimate shows that the silicone- 
insulated motor should cost only 80 per cent of the 
larger Class A insulated motor. Winding labor costs for 
the silicone-insulated motor would probably decrease 
if these motors were built on a production line. 

Based on a $400 list price for a Class A-insulated 
714-hp motor, this becomes a worthwhile saving. Further 
savings would also be realized in shipping, handling 
and installation cost because the silicone-insulated motors 
weigh only half as much as standard motors. 

These cost savings will probably be valid over a wide 
range of motor sizes. In fact, at the present time many 
motor manufacturers supply silicone-insulated motors, 
in sizes larger than 100 hp and built in reduced frame 
sizes, at the same price as Class A machines. 

Small silicone-insulated motors have potential use 
wherever size and weight are important in the design or 
operation of electrical equipment. Applications include: 


Table lil—Comparison of Manufacturing Costs, 
Class A and Class H 7'2-Hp TEFC Motors 


Manufacturing costs, per cent* 


Item a Class A, : 
Frame 254U 


/ Class H, 
Frame 184Z 


Frame and rotor, less lamina- 

tions and bearings 47 26 
Bearings 4 4 
Laminations 21 13 
Insulating materials 4 r 
Magnet wire 10 10 
Winding labor 14 20 


Total for complete motor 100 - 80 


*Costs are based upon total manufacturing cost of a 71%4-hp, TEFC Frame 254-U, 


Class A insulated, 440-volt, 3-phase, 60-cycle, 1750 rpm motor 


Industrial machinery, where many drives must be 
crowded into small spaces. 

Traction equipment. 

Marine and aircraft applications where space and 
weight are always at a premium. 

Mining equipment. 

Mobile equipment such as welders, pumps, and 
generators. 


Revised AIEE Standard No. 1 Now Official 


SUBJECT OF MUCH DISCUSSION, study 
and even controversy, the AIEE Stand- 


3. The great expansion of new fields 


each other to ensure tnat tne thermal 


ard No. 1, “General Principles Upon 
Which Temperature Limits are Based 
in the Rating of Electric Equipment,” 
has now been revised in many impor- 
tant aspects, particularly the tempera- 
ture classification of insulating materi- 
als. The new revision became effective 
as of June 21, 1957, superseding the 
February 1954 issue. 

In reviewing the basic considerations 
that have led to the preparation of the 
revised standard, the following impor- 
tant recent trends are enumerated: 

1. The growing tendency to rely on 
accelerated life tests, as provided 
in AIEE Test Procedures, to de- 
termine appropriate limiting tem- 
peratures and fields of usefulness 
of complete insulation systems. 
and for individual insulating ma- 
terials. 

. The availability of many new in- 
sulating materials whose charac- 
teristics and appropriate fields of 
use cannot be determined from 
their chemical composition alone 
and, therefore, must be deter- 
mined by test. 


of application such as equipment 
for nuclear energy production, for 
aviation and military duty, for 
mobile use, and for air condition- 


ing, which uses are increasing the 


varieties of special purpose equip- 
ment to be supplied by the elec- 
trical industry, and the ranges of 
temperature which must be con- 
sidered in their operation. 


The continuing and greater use of 
enclosed types of equipment often 
operating in controlled gases or 
liquids. 
A trend toward operating some 
electric equipment at or close to 
limiting insulation temperature. 
A trend toward operating some 
electric equipment in short-time 
duty periods at higher than nor- 
mal temperature in such a way as 
to make the average rate of ther- 
mal deterioration over the total 
elapsed time consistent with a 
desired life expectancy. 

The Standard further notes that 


standards for different types of electric 
equipment should be correlated with 


performance and life expectancies of 
associated elements in a complete elec- 
tric system will be consistent under 
short-time overload and emergency 
conditions, as well as in normal serv- 
ice. However, it is important to allow 
freedom to use different temperature 
rise limits for individual types of equip- 
ment and for specific applications in 
accord with their individual economic 
requirements. 

The new definitions of insulating 
materials are in each instance stated in 
two ways: First, the compositions are 
given of typical materials associated 
with the particular class on the basis 
of long experience. Second, the require- 
ments are given for materials which 
may be included in the class on the 
basis of experience or accepted tests. 
As experience is gained with the test 
procedures now under development, it 
is expected that more reliance will be 
placed on the classification by test. 

Although these definitions have been 
previously published as tentative or 
proposed, they are reproduced here 
again since they now constitute an of- 
ficial standard: 
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Fig. 6 No-load characteristics of 
74-hp, TEFC, Class H motor. 
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744-hp, TEFC, Class H motor. 
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Definitions of Insulating Materials 


Class 


90 C 
(Class 0) Materials or combinations of 
materials such as cotton, silk, 
and paper without impreg- 
nation. Other materials or 
combinations of materials 
may be included in this class 
if by experience or accepted 


Definition 


tests they can be shown to be 
capable of operation at 90 C 
105 C 
(Class A) Materials or combinations of 
materials cotton, 
silk, and paper when suitably 
impregnated or coated or 
immersed in a dielec- 
tric liquid such as oil. Other 
materials or combinations of 
materials may be included in 
this class if by experience or 
accepted tests they can be 
shown to be 


such as 


when 


capable of 

operation at 105 C. 
130 C 

(Class B) Materials or combinations of 
materials such as mica, glass 
fiber, asbestos, etc., with suit- 
able substances. 
Other materials or combina- 
tions of materials, not neces- 
sarily inorganic, may be in- 


bonding 
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155 C 
(Class F) 


180 C 
(Class H) 


cluded in this class if by ex- 
perience or 
they can be shown to be 
capable of operation at 130 C. 


accepted 


tests 


Materials or combinations of 
materials such as mica, glass 
fiber, asbestos, etc., with 
suitable bonding substances. 
Other materials or combina- 
tions of materials, not neces- 
sarily inorganic, may be in- 
cluded in this class if by ex- 
perience or accepted tests 
they can be shown to be ca- 
pable of operation at 155 C. 


Materials or combinations of 
materials silicone 
elastomer, mica, glass fiber, 
asbestos, etc., with suitable 
bonding substances such as 
appropriate resins. 
Other materials or combina- 
tions of materials may be in- 
cluded in this class if by ex- 
perience or tests 
they can be shown to be ca- 
pable of operation at 180 C. 


such as 


silicone 


accepted 


Materials or combinations of 
materials which by experi- 
ence or accepted tests can be 





shown to be capable of 


operation at 220 C. 
Over 220 C 
(Class C) Insulation 
tirelv of 


that consists en- 
mica, 
quartz, 


inorganic 


porcelain, 
similar 
Other 
materials or combinations of 
materials may be included in 


and 


glass, 


materials. 


this class if by experience or 
accepted tests they can be 
shown to be capable of 
operation at 
over 220 C. 


temperatures 


standards have 
been published for “trial use:” 


AIEE No. 1 D 


Two supplementary 


“Guide for the Prepara- 
tion of Test Procedures 
for the Thermal Eval- 
uation of Electrical In- 
Materials” 

“Guide for the Prepara- 
tion Test Procedures 
for the Thermal Eval- 
uation of 

Systems tor 


sulation 


Insulation 

Electric 
Equipment” 

Both guides have been formulated in 

accordance with the principles outlined 


in AIEE Standard No. 1. 


These publications were prepared by 


AIEE Standards 
mittee No. 4. 


Com- 
soa 


Coordinating 
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Production Testing 
of Servomechanisms 


The inevitable use of technically un- 
trained personnel for the testing of com- 


ponents and 


system elements may 


jeopardize over-all system performance. 
Such personnel can be effectively used 
jor testing if judgement factors can be 


minimized. The logic presented here 


leads to servomechanism test methods 


using routinized 


procedures derived 


directly from sound system stability 


theory. 


LCdr. H. R. WALKER, USN 

Control and Guidance Division 

feronautical Electronic and Electrical Laboratory 
Navat Air DeveLopMeNT CENTER 

Johnsville, Pa. 


A MAJOR PROBLEM connected with servo systems after 
they leave the design stage is the fact that a servo unit 
may function by itself but may cause a system to fail 
when it is connected as part of that system. 

An example of the close tolerances needed can be given 
by citing a specific case in which a guided missile system 
had a 10-deg maximum possible phase margin. Many 
missiles were lost when the transfer function of either 
the guidance radar or the missile servo caused the sys- 
tem to lose the 10-deg margin and the system became 
unstable. This instability could have been caused by 
poor adjustment of either the radar or the missile servo 
gain controls and there was no apparent instability of 
the radar or the missile when tested separately. It was 
necessary to set the radar antenna servos and the missile 
servos to match their designed transfer functions within 


2 deg of phase margin to utilize the entire system ef- 


fectively. 

Many of the failures and mishaps due to inadequate 
individual adjustment procedures were never attributed 
to the proper cause because the investigators themselves 
did not know the seriousness of an improper transfer 
function in a closed loop system. Many engineers do not 
realize how seriously an over-all system transfer function 
is jeopardized by improper setting of controls. 

Extensive effort is expended in the development of 
guided missile and fire control systems on the basis of 
the theoretical characteristics of the servo loops alone. 
Usually a system is tested first in analog form, then as 
transfer functions for the individual units develop, the 
transfer functions are given to the design group to be 
duplicated by a working unit. This working unit may 
then be substituted in the analog computer for its analog 
model and then tested under all possible conditions of 
use. The final engineering step is the assembly of all 
the production units into a working model of the system 
that had been tested in analog form. In most cases the 
assembled unit functions as designed and presumably the 
job has been done. 

All that remains now is the mass production of the 
item, it would seem. In this misconception lies the danger 
of costly system failure. It is imperative that the product 
leave the manufacturer’s plant so adjusted that it will 
function with the rest of the system, and also that the 
ultimate user’s alignment procedure be accurate enough 
to insure that the system will continue to function prop- 
erly. This is the reason for advocating the method out- 
lined here. The old idea can no longer be accepted that 
the way to adjust a servo system gain control on a sys- 
tem about to be placed in service is “to turn it up until 
the system oscillates, then back it down a notch.” 

As a part of a search for simplified testing and adjust- 
ment procedures, the method which we shall call the 
Omega M-N method has received considerable study and 
is now being used with appreciable success. The Omega 
M-N method is extremely simple, highly accurate and 
lends itself well to routine application. For go, no-go 
tests, it requires no knowledge of theory and no practice 
on a given system, and can also be used diagnostically 
with extraordinary success. The method is now being 
taught to Navy enlisted men and has been adopted by 
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several manutacturers for production line use in fire 


control radar and guided missile sysiems. Special servo eee) 


test equipments that are more accurate, more versatile 
and less expensive than any presently on the market have 
been designed around this method for Navy use and are 
presently being evaluated. 

The Omega M-N method was named for the three pa- 
rameters found to be most important in servo testing and 


db 


(G), 


the ones that can be most easily and accurately meas- 
ured. We shall endeavor here to illustrate the logic used 
in the selection of the method and to show how it is 
used in adjusting servo mechanisms, and also what diag- 
nostic information it will yield for the maintenance 
technician and the servo engineer. The development of 
the method requires the use of graphs and charts, but 
once the parameters are fixed, these are no longer re- 
quired. 


-loop gain 


Open 


Figure 1 shows a typical open-loop plot. From this and as aa 
from the (lower) phase shift graph it is possible to seid iit 
determine: ig. Open-loop plot of servo system, 

K. iaiielaviatics nul inate Cie tienen, one phase lead network, no rate signal ineluded. 
tion of the first 12 db/octave slope with 
the » = | line) 

K, = velocity gain constant (The intersection 
of the first 6 db/octave slope with the 
o = 1 line) 

= gain crossover point (The omega at which 
the gain is 0 db) 

B, phase margin (The phase angle between 
the point », and 180 deg) 
over-all phase shift (180 deg —B,. or the 
phase shift at ,) 

Although this graph is commonly used, particularly in 
texts on servomechanisms, there are several objections 
to starting with this graph. It is a plot that is almost 
impossible to get without using a Nichols Chart and then 
replotting. There are several methods of obtaining an 
open-loop plot while the unit under test is operating 
closed loop, but there are no rapid practical methods 
that do not involve calculations or graphical translations. re xe 
Furthermore, of all the parameters yielded by this graph, Bigs 4—~Caeesdlonp plet.of carve oymtons of Rig, .2. 





Frequency , radians/sec (w) 


only two are of any importance to the technicians: ©, 
and B.. 

The easiest test to make and plot on graph paper is 
the closed-loop plot shown in Fig. 2, but only two 
parameters are obtained from it. These are: 

wy = frequency of peak overshoot 
M, = magnitude of the peak overshoot 

A third plot is the transient response plot from which 
w; and M;, are obtained. This plot, Fig. 3, was once 
widely used, but it and the ramp test shown in the same 
figure have almost disappeared except for tests made on 
component parts of a system with only one or two time 





constants. The reason for the decline in importance of 
these tests is that they yield very little which can not 
be determined from a closed-loop test by frequency re- 
sponse methods, or by the arithmetical approximations 
for performance criteria which take this form: 

M, M, . - . - (between 0 and 180 deg) 


sin 4 sin 8 


Ik ig. 3(1 pper) Transient response, closed-loop, 
and (lower) error response E used to 
w = 2zf radians determine servo system characteristics. 
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For an input r changing smoothly with time, 
the response time error 


K, ' K 

The significance of this formula is that A, and 
K,, are direct functions of gain setting, and the 
higher the gain, the faster the system response 
up to the limit of stability and permissible limits 
of overshoot. 

The accuracy of the approximation formulas is 
quite good for values of 8 between 30 and 60 
deg. For values of 8 less than 30 deg or greater 
than 60 deg the accuracy falls off. Most properly 
designed systems fall within the limits of good 
accuracy. 

Individual engineers have various favorite tests which 
they feel are the most significant, but the industry as a 
whole has moved towards general acceptance of the fre- 
quency response methods. Many advocates of the tran- 
sient method contend that you cannot test a non-linear 
servo or a relay servo with a frequency response test, 
but there is an abundance of literature to refute this 
belief. In nearly all cases the approximate relations given 
in the foregoing yield sufficiently accurate data on tran- 
sient conditions from information obtained by a fre- 
quency response test. 

Figure 4 shows the Nichols chart. This chart, also 
known as the M-N chart or curves, has open-loop charac- 
teristics for its ordinate and abcissa and shows the closed- 
loop coordinates as curved lines. With this chart it is 
possible to plot either closed or open loop characteristics 
and convert one to the other directly by use of different 
coordinates. The parameters displayed on this chart are: 

VU closed-loop gain 

VM, peak closed-loop gain 

w frequency of M 

© frequency at 0 db open-loop gain 

B phase margin (open loop) 

y = over-all phase shift (open loop) 

NV : closed-loop phase shift 

g gain margin, the amount gain may be 
increased before oscillation starts. 

All the frequency response parameters are displayed 
except K, and K, which cannot reliably be determined 
from this plot. Mathematically the transient response 
characteristics can be obtained by the approximation 
equations given above, and we therefore have one plot 
on which virtually all the information we can use is 
displayed. Replotting on cartesian coordinates to get an 
open-loop plot will yield the values of K, but these are 
not needed by the technician. 

The system we will assume for discussion is a Type 1 


or first order servo. It has no position error theoretically, 
and the values of A, and K,, determine its velocity and 
acceleration errors from the formula: 


Output (pos, vel , accel) 
K (pos, vel,accel) 


Error (pos, vel , accel) 


From the standpoint of the technician these are design 
parameters which result from the inclusion of various 
compensating networks, feedback loops, the choice of 
system components and the setting of the gain controls. 
He would only be concerned with them if the system 
failed, and the failure would be apparent from other 
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parameters, such as M and NN. This makes it convenient to 
say that we will discard the parameter K as far as the 
technician is concerned and direct his attention else- 
where. 

The term o is not to be disposed of so lightly. No 
matter which method we choose to use, w must be con- 
sidered. Usually it is a variable upon which the other 
measurements are based, that is, an independent variable. 
Even with the transient method of testing it is a term 
which must be measured. Fortunately, » — 2zf is a fac- 
tor that can be accurately determined and should there- 
fore be used as an independent variable, reserving meas- 
urement for less reliable dependent variables. 

The various phase terms £, y and N are all measured 
in the same way, with a phase meter of some type, or a 
phase shifter and an oscilloscope upon which a Lissajous 
pattern may be displayed. These devices have good ac- 
curacy, often in the neighborhood of 1 per cent. Phase 
becomes a variable dependent upon frequency which can 
be measured with an accuracy comparable to that of the 
independent variable itself. 

The last parameter which is used is M, which is re- 
ferred to as closed-loop gain. This parameter is meas- 
ured on an oscilloscope or with a peak reading meter. The 
accuracy is poor on the face of the average d-c oscillo- 
scope, but can be read better than 5 per cent on an inex- 
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Fig. 4—Nichols chart of the curve, Fig. 1. 
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pensive peak reading meter. When measured in terms of 
relative db, 2 per cent accuracy can be obtained for less 
than 6 db difference on a meter. 

To use these parameters to completely define the per- 
formance of a servo system we must insist upon a basi- 
cally accurate system of measurements and also simplicity. 
The system and the parameters chosen must uniquely 
define the system performance so that there will be no 
doubt of its acceptability after test or alignment. 

Servo systems normally provide only two adjustable 
controls which will affect the curve shown in Fig. 4. The 
first control is the gain control which causes the curve to 
move up and down on the Nichols chart but does not 
change its shape. The second control is the damping 
control which usually causes the entire curve, or a large 
part of it below a break near the top of the part displayed 
on this curve, to move to the right or left. In most pro- 
duction servo systems one or the other of these controls 
is available, but seldom both. Figure 5 shows the effect 
of varying gain on the Nichols Chart, and Fig. 6 shows 
the effect of varying damping. Damping is used here as 
a general term to include phase lead networks, rate gyros, 
rate generators, motor back-emf compensation, etc. This 
graph is an ideal case, not a practical example. 

Assume that the system we are concerned with is a 
typical fire control radar where the rate feedback is pre- 


a 
° 
= 


Gain (open 


162 144 126 08 90 72 54 
Phase shift (open loop) $° 


Fig. 5—The effect of varying gain in a servo system. 
In (a) the gain is excessive and the system is 
oscillatory; (b) is approximately correct, and in 

(c) the gain is too low, resulting in a sluggish system. 
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set or is determined by a single component test of an item 
such as a rate gyro. In this case the only control avail- 
able is the gain control and the technician must properly 
set it to give the over-all system its proper transfer func- 
tion. The shape of the curve is fixed and the technician 
cannot change it, nor is it desirable that he do so, but 
he can move it up or down. Up and down movement on 
the Nichols chart causes the greatest interaction between 
the frequency and the closed-loop phase because these 
two coordinate lines are essentially at right angles to each 
other. There is also an effect on open- and closed-loop 
gain. Closed-loop gain is easily measured, but open-loop 
gain is difficult and is best determined from the graph. 
We do not need to know it, however, for any two of the 
other three parameters uniquely define the points on the 
curve. We chose » to be the independent variable. Then 
M or N must be dependent and must be measured. M is 
a poor choice because the perfect servo tries to keep the 
variation of M at 0 db. \, therefore is chosen by virtue of 
being all that remains. It is not a poor choice, however, 
for it can be measured accurately and varies greatly with 
» and changes in gain. 

We have outlined above what we need to know and 
how accurately it can be measured. What is required to 
utilize this information is a routine procedure that any 
technician or inspector can use. Assuming the engineers 


loop) 


Gain (open 
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Phase shift (open loop) 7 
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Fig. 6—The effect of varying damping effect, 
ideal, on the curve of Fig. 4. 





who designed the system picked Fig. 5 (Curve b) as the 
proper transfer function, we must pick the proper Omega 
M-N values from it. In this case, the point » = 30, M = 
3.5 db, N 133 deg appears very satisfactory because 
of the slopes of the curves at that point. Other points can 
be picked as well which will have the same variation of 
V as the gain is varied. The point of the greatest variation 
of N with gain is probably the best possible choice, al- 
though some users who lack adequate phase measuring 
equipment arbitrarily pick 90 deg to take advantage of 
the 90-deg Lissajous figure on an oscilloscope. 

The technician will not need to see the Nichols Chart; 
all he needs is a decal over the controls or a tabulation 
of w-M-N in his alignment procedure. He will then set 
w or “f” on his signal generator dial, apply the signal 
to the servo as outlined in his alignment procedure, ad- 
just the gain until the phase reading is correct and the 
gain setting is completed to the accuracy of his instru- 





Damping 
control 


Fig. 7—Test set-up using the system 
test set on a typical servo system. 


network 
(optional 


$ = 180°-N 





Fig. 8—Test set-up using conventional 
function generator and oscilloscope. 


ment calibrations. As a second check for correct align- 
ment and possible trouble shooting, the value of M may 
be taken. If M is too high, the damping is insufficient; 
if too low, there is too much damping. Normally, there 


is only one control, either a damping control or a gain 


control. If there should be both, the procedure is done 
in several steps. First with the damping all the way in 
(Curve c, Fig. 6), adjust the gain to get A 100 deg, 
then without changing », set the damping control to get 
N = 133 deg. The value of M may be taken again as a 
check. In this case M will change from 0 db to 3.5 db. 
Also M, increases from 1.1 db to 5.3 db at » = 17. 

Figure 7 shows the test set up for the Navy system 
test set. Omega is set on the dial at the left, N on the 
dial at the right. The meter has a variable sensitivity 
so that it can be set to read 0 db of output for any out- 
put voltage between 0.5 and 30 volts. When the meter 
has been calibrated to 0 db on the output signal, it can 
be switched to the follow-up signal instead and the meter 
reads M directly in decibels. Two neon lights indicate the 
adjustment needed. One light marked “increase” means 
increase the gain or damping: the other is marked “de- 
crease.” The test set will also enable the user to plot the 
Nichols Chart if he desires. Taking » in steps, M reads 
directly on the meter. The phase is read by rotating the 
phase dial in the direction indicated by the lights until 
the light goes out. No oscilloscope is required so that the 
total apparatus on the bench is much smaller and lighter 
than conventional servo test set-ups. The accuracy is 
approximately 2 per cent between 0.05 cps and 3 ke. The 
full range of the instrument is 0.005 cps to 50 ke for 
servo measurements, and to 1 me as a signal generator. 

Thus far we have considered M and N in their true 
sense, that is, M = C/R. An advantage of this method is 
that a pseudo M and N can be used. It is not always pos- 
sible to get a signal injected at R or measured at C. The 
method remains valid if the signal is injected at points 
l, 2, 3 or 4, Fig. 7, and the follow-up is taken from 
points A or B, although the values of M and N will not 
be the same as those. for M = C/R. This often makes it 
possible to use available test points in a system that would 
otherwise be difficult to test. 

Figure 8 shows the test set up when using a function 
generator and oscilloscope. Although not as accurate as 
the special test set it is nonetheless adequate for many 
purposes. The phase shifter is an RC network previously 
prepared. When JN is picked at 90 deg, the gain is ad- 
justed for a circular Lissajous pattern. If the RC phase 
shifter is made to shift the phase an additional 90 deg, 
the scope display is that for 0 or 180 deg, which is a 
straight line. Adjusting to get a circular pattern depends 
on judgment as to whether the pattern is actually cir- 
cular. The use of the phase shifter eliminates all errors 
in judgment and also permits the use of N at any ar- 
bitrary value since the difference between N and 180 
deg can always be built into the phase shifter. 

The accuracy of the method assures a uniform product 
in the field. There is no indication to date that the 
method is subject to any limitations or problems that 
do not also affect other test methods. This condition is 
reasonable since it is only a development of the other 
methods. The advantages of the method are its simplicity 
and accuracy. Simplicity means that almost any person 
who can operate the test equipment can properly test 
the systems and set them up accurately each time. O O O 
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esign Procedures for 


pecial Type 
igh-Temperature Transformers—ll 


Specific design procedures for special high-temperature transformers include cur- 
rent limiting transformers, current limiting transformers with unbalanced magne- 
tization, and vibrator power supply transformers. Design example worked out for 


400-cycle transformer at 200 C. 


IRVING REMIS 
U. S. Army SicNat ENGINEERING LABORATORIES 


Fort Monmouth, N. J. 


THE DESIGN PROCEDURES presented in step-by-step tabular 
form in Part II make use of charts, graphs and a mono- 
graph (Figs. 1 to 12 and Tables I to Il) which were 
published in Part I of this article (ELECTRICAL MANUu- 
FACTURING, July 1957, p. 116). Reference should also be 
made to that article to determine the information re- a ee as 
quired before starting a design using these procedures. Siall-tene Weohalonner 

The procedures take into account any temperature rise ee ay 

and can be used freely for high-temperature designs or a Ee rane 20 tan: Rerangey oman See neee, 
the more conventional low-temperature types. The fre- 
quency, voltages, secondary load and short-circuit cur- 
rents, ambient and maximum temperature rise, and the 
grade of protection must be known prior to starting a 


The current limiting transformer will consist of indi- 
vidual primary and secondary coils with the magnetic 


design. shunt placed between them (see Fig. 13). 


STEP-BY-STEP DESIGN PROCEDURE FOR CURRENT LIMITING TRANSFORMER 


Design equations Legend, remarks, notes 


W,=E,1, W,, secondary volt-amperes; E,, secondary voltage; J,, 
current. 


secondary 


We — { AT \i25 W., copper loss (watts): S.. exposed winding surface area (sq in.); 
Se a, AT, winding temp. rise (deg C); A, constant (Table I). Note: See Table 
IA for standard conditions. 


F’., copper space factor with allowance for magnetic shunts; F., cop- 
uivalent rating based on 60 cps and 40 C rise; 
or space factor (Fig. 1); AT, maximum wind- 


Fr, = 0.6F, 

F. = 0.08 log;..W’, + F | per space factor; W’,, ec 
’ F, operator to account I 
ing temperature rise (deg C); f, operating frequency (cps); W,, (Step 1). 


Wy het alae: “a 
ve ¥ . AT \0.6s 
tas ( 10 
(Continued) 
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STEP-BY-STEP DESIGN PROCEDURE FOR CURRENT LIMITING TRANSFORMER (Continued) 


1 


Step No. Design equations Legend, remarks, notes 


1 Nomograph (Fig. 2) K., (Table 11); F;, core space factor given by manufacturer. 


Scale Factor A = Fr . 


Nomograph scale factor F F., (Step 3); W., (Step 2); p, resistivity of copper at design temper- 
F. W. S. ature (Fig. 3). 

0 he 

B,, primary flux density in kilolines per sq in. Use Table IIT as a guide. 


B,=B,V P¢ l B,, secondary flux density in kilolines per sq in.; Bz, (Step 6); Es, 
pq secondary voltage; E,, primary voltage; p, short circuit current di- 

vided by rated curent; q, leakage reactance at short circuit divided by 

leakage reactance at rated current. (Note: a typical value for q is 0.85). 


|, Characteristic lamination dimension. Draw a line on the nomograph between points found for Scales A and F (Steps 4 
and 5). Draw another line from the point where the first line intersected Scale C to the point obtained for Scale B (Step 
6A). The intersection of this second line with Scale D gives the characteristic lamination dimension 


Core Data 


L (L/D L, core width (in.); l, (Step 7); L/l, (Table ID 
Lamination size Select lamination having leg width close to L (Step 8) 
A.. window area (sq in.) obtained from lamination dimensions 
1. A;, product of window area times iron core area; /, (Step 7). 
{ 1,, iron core area 
1,/L, iron core stack 


ratio of core stack to core width used in Table II 


K.P S;, exposed core surface area (sq in.); Ke (Table ID; 1, (Step 7.) 
V;, core weight (lb.); Ay. (Table ID; Fi, core space factor given by 
manufacturer; 6, density of steel (0.276 lb/in.’ for cold rolled oriented 
and 0.272 for hot rolled non-oriented silicon steels). Note: Core weight 
is usually given by the manufacturer. Use the equation only when the 
weight is not available. 
Core loss per lb for each, B, and B,, obtained from steel curve supplied by manufacturer and multiplied by percentage 
from Table IV 


t;. the sum of core loss per lb for B, and B, (Step 17) multiplied by 4 the core weight (Step 16). 


Volt-amperes per lb for both B, and B,, obtained from steel curve supplied by manufacturer and multiplied by percentage 


from Table IV. 


i... watts excitation. The sum of volt-amperes per lb for B, and B, (Step 19) multiplied by 14 the core weight (Step 16). 
Winding Calculations 


S., winding exposed surface (sq in.): A;, (Table I1); 1, (Step 7). 


W., approximate winding losses (watts); W./S, (Step 2). 


Approximate regulation; W., (Step 22); W,, (Step 1). 


V., conductor weight (Ib); K,, (Table Il); F’., (Step 3); 6., density of 
conductor material (0.321 lb per cu in. for copper). 


JW, + W. + Wi? + (We + TeX? T,, primary current; Ey, primary voltage; W,, (Step 1); W., (Step 22); 
=. ; 7 : W;, (Step 18); W.., (Step 20); E, I,, (Step 1): V p’q? — 1, (Step 6A); 


Y, leakage reactance referred to secondary winding. 


CM/A, circular mils per ampere; K;, (Table II); F'’., (Step 3); 1, (Step 
CM/A = i" E ¢ 7); F’. W., (Step 5). 
— S- 
Wire sizes. Multiply the CM/A by the calculated primary current J, (Step 25) and by the rated secondary current. Select 
the nearest standard wire size. 


\ 105 \,/E, primary turns per volt; f, operating frequency, (cps); A,, iron 
1.44 fA;F;B core are (Step 12); F;, iron core space factor given by manufacturer; 
: B,, (Step 6). 


(Continued ) 
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STEP-BY-STEP DESIGN PROCEDURE (Continued) 


Design equations Legends, remarks, notes 


: oe V,/E, secondary turns per volt; B,, (Step 6A). 

BE 144 fA; F; B, 

Turns per winding Multiply the turns per volt for each winding (Steps 28 and 28A) by the 
respective voltage. Correct for regulation by adding turns to the se- 
condary and subtracting turns from the primary. The regulation (Step 
23) should be divided, one half for the primary and one half for the 
secondary. 

Winding Layout 


A. Total available winding length is equal to the window length minus the 4 margins (2 primary coil margins and 2 
secondary coil margins) and the magnetic shunt thickness. Assume the magnetic shunt thickness to be at least 2/3L 
for a simple-type core and 1/3L for a shell-type core. (Note: The margins are based on either the mechanical or 
electrical requirements, whichever is larger. The minimum margins required for mechanical strength are listed in 
Table V. The following margins are recommended for rms working voltage requirements: 8-10 volts per mil for open 
core and coil transformers, 10-15 volts per mil for compound-filled cased transformers, and 15-20 volts per mil for 
oil-filled cased transformers.) 

. Turns per layer: The primary turns per layer are equal to the turns per inch for the primary wire size, multiplied by 

0.6 times the total available winding length. The secondary turns per layer are equal to the turns per inch for the 
secondary wire size multiplied by 0.4 times the total available winding length. 
Insulation thickness: Thickness of layer insulation selected for mechanical reasons is given in Table V. The thickness 
of core tube selected for mechanical reasons is given in Table VI. The breakdown voltages of different materials 
vary. Therefore, it is recommended that the material manufacturer’s data be used for selecting the thickness of 
insulation to meet given voltage requirements. 

. Coil build-up: The total build-up of each coil should comprise approximately 85 per cent of the window width to 
allow for coil bulge, overlaps in layer insulation, etc. The proportions specified for the primary and the secondary 
coils may be modified to approximately equalize the build-up of the coils. 

Magnetic shunt: 

(1) Thickness—The thickness of the magnetic shunt is the dimension which is in the window length of the lamina 
tion. This was found in Step 30A. 

(2) Width—The width of the magnetic shunt is the dimension which is in the direction of the strip width of a wound 
core or the build up of a stacked core. It is approximately equal to the strip width or build up. 

(3) Length—The length of the magnetic shunt is the dimension which is in the window width of the lamination. It 
is equal to the window width minus an air gap. The following expression may be used for the air gap: 

Lat pen. fi. . 

a 
m,. effective air gap; p, (Step 6A); q, (Step 6A); N,, (Step 28A); J,, secondary load current, By-., flux density 
in the air gap during short circuit in kilolines per sq in. (equal to B,). 

The shell type core requires two shunts and each shunt should have the gap length obtained from the above equation 

The gap is usually divided into two parts, one on each side of the shunt, as shown in Fig. 13. Due to variations in materials 

and construction, it may be necessary to modify the thickness of the magnetic shunt slightly in order to meet the elec- 

trical requirements for the transformer. 


mM, 


Temperature Calculations 


| ‘The temperature calculations are the same as those for transformers with unbalanced d-c magnetization (Part I). Table 
| XI does not include the case where the winding occupies the entire coil build. It is suggested that the average of the 
figure given for 0 to 50 per cent of the coil build and for 50 to 100 per cent of the coil build be used. 


Current Limiting Transformers with Unbalanced D-C€ Magnetization 


THIS DESIGN PROCEDURE COMBINES the procedures for and the grade of protection must be known. 
current limiting transformers and for transformers car- The transformer will consist of individual primary and 
rying unbalanced d-c magnetization. The frequency, secondary coils with the magnetic shunt placed between 
voltages, secondary load and short-circuit currents, type them (Fig. 13). The air gap for the unbalanced d-c will 
of load filter, ambient and maximum temperature rise, be placed on the secondary side of the core. 


Step No Design equations Legend, remarks, notes 

A I, is the average load current J,. multiplied by 1.57 if an unfiltered 
resistance load is used, or Jz. multiplied by a ratio from Table XV if a 
capacitance input filtered resistance load is used. (Note: If sufficient 
load circuit data are not available, a typical value for capacitance in- 
put filtered load is J,/Ia-. = 2). 


E, is the average load voltage FE, plus rectifier average forward drop 
and other circuit voltage drops multiplied by 2.22 if an unfiltered resist- 
ance load is used, or Ez. multiplied by the ratio from Table XVI if a 
capacitance input filtered load is used. (Note: If sufficient load circuit 
data are not available, a typical value for capacitance input filtered 
load is E,/Eae = 1.1). 

W,, secondary volt-amperes; E,, (Step B); J, (Step A). 

(Continued ) 
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STEP-BY-STEP DESIGN PROCEDURE (Continued) 


Step No.| Design equations Legends, remarks, notes 


» 


- M AT W., copper loss (watts); S., exposed winding surface area (sq in.); AT, 
S ( kK winding temp. rise (deg C); K, constant (Table 1). Note: See Table IA 
for standard conditions. 
0.6F F’., copper space factor with allowance for magnetic shunts: F’., cop- 
0.08 logioW’, + F per space factor; W’,, equivalent rating based on 60 cps and 40C rise: 
F, operator to account for space factor (Fig. 1); AT. a winding 


( temperature rise (deg C); f, operating frequency (cps); . (Step 1) 
~ () 1 10 r) 


Nomograph (Fig. 2) K,, (Table 1); F;, core space factor given by manufacturer. 
KW, 

Scale Factor A Ff 

Nomograph scale factor F Step 3); W. Se, (Step 2); p, resistivity of copper at design tem- 

F’. W./p S oe (Fig. % 


B,, primary flux density in kilolines per sq in. Use Table III ¢ as a guide and decrease the selected value by 15 per cent 
VPP ¢ | B,, secondary flux density in kilolines per sq in.; B,, (Step 6); p, short- 
B, Pq circuit current divided by rated current: q, leakage reactance at short 
circuit divided by leakage reactance at rated current. Note: A typical 
value for q is 0.85. 

/, characteristic lamination dimension. Draw a line on the nomograph between points found for Scales A and F (Steps 
t and 5). Draw another line from the point where the first line interesected Scale C to the point obtained for Scale B 

(Step 6A). The intersection of this second line with Scale D gives the characteristic lamination dimension. 


Core Data 


L (L/D) L, core width (in.): 1. (Step 7); L/l, (Table ID. 

Lamination size Select laminatio om having leg width close to L (Step 8). 

1.. window area (sq in.) obtained from eaihiaaiilien Mienitias. 
1. A;, product of window area times iron core area; |, (Step 7 
{4;. iron core area. 


1,/L, iron core stack. 


s, ratio of core stack to core width used in Table I. 


= $$ , 


S; = K.P 1 S;, expose “a core sarines e area Gai in.): Ks, (Table II); /, (Step 7) 





= (K, Fé) M.. core weight (Ib.): K,, (Table I}): F;, core space factor given by 
manufacturer; 6;, density of steel (0.276 lb/in.* for cold rolled steel 
and 0.272 for hot rolled non-oriented silicon steels). Note: Core weight 
is usually given by the manufacturer. Use the equation only when the 
weight i is not available. 


m; mean length of magnetic path (in.). (Note: This omen te is usually given by the snmllenbanes’ ; otherwise, it can be 

readily calculated from the : core dimensions.). 

N, (approx) = 10° X E, N,, approximate secondary turns; E,, (Step B); B,, (Step 6A); Aj. 
1.44f By 1, F, (Step 12); F;, iron core spac ‘e factor given by manufacturer. 


H,. = °: 195 NV, Tac Hae, enbelenced magnetizing foree: N ., (Step 16B): Tac, average load 
: mM; current; i, Step 16A). 


Hac-p = 0.7 Ha Fic-p, approximate unbolon od magnetizing force in primary portion 
of core; Hac, Gtep 16C). 


Hae. = 1.3 Ha, Hac... approximate unbelanced force in secondary portion of core 
1,., (Step 16C). 


Core loss per lb for both B, and B,, obtained from curves Figs. 5, 6, 7 or 8 depending on the type of core material used 
V;, the sum of core loss per lb for B, and B, (Step 17) multiplied by 4% the core weight (Step 16). 


Volt-amperes per lb for both B, and B,, obtained from steel curves Figs. 9, 10, 11 or 12 depending on the type of material 
used. 


W.., watts excitation; the sum of volt-amperes per lb for B, and B, (Step 19) multiplied by % the core weight (Step 16) 
Non-magnetic gap presented as a percentage of the mean length of path from Figs. 9, 10, 11 or 12 depending on the type 


of core used. 
(Continued ) 
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STEP-BY-STEP DESIGN PROCEDURE (Continued) 
ica 
Step No.| 


Design equations Legends, remarks, notes 


Winding Calculations 


s A;l S., winding exposed surface (sq in.): Az, (Table II): /. (Step 7) 


W. = (W./S)S W 


. approximate winding losses (watts); W./S, (Step 2) 


Approximate regulation for capacitance in- 
W, V1 
W, I.J/Ta 


W.,- (Step 22); W,. (Step 1): 7,, (Step A): Ja-. average load current 


put filtered load Approximate regulation for unfiltered resistance load 0.707 VW W, 


V., conductor weight (lb); Ay, (Table IL; F’.. (Step 3): 6. density of 
conductor material (0.321 lb per cu in. for copper) 


Vl Ay F’' 6, 


¢ 


I, “ 


primary component of load volt-amperes; /,, (Step A): / 
average load current. 


l 
Vv (Wp + VW 
kb 
LllavV p? ¢ l 


where: J,, primary current; £,, primary voltage; W,:. (Step 24A); W., (Step 22); W;. (Step 18): V4 


. (Step 20); / 
(Step A); Jac, average load current; £,, (Step B); p and q, (Step 6A) 


/ a CM/A, circular mils per ampere; A;, (Table I]; F’.. (Step 3); 1. 
CM/A = K,F.Y FW. (Step 7); F’. We, (Step 5). 
ps. ps 


Wire sizes. Multiply the CM/A by the calculated primary current J, (Step 25) and by the rated secondary current 
Select the nearest standard wire size. 


\; 10° \,/E, primary turns per volt; f, operating frequency (cps): A;. iron 
“E 4.44 f A; F; B, ~ area (Step 12); F;, iron core space factor given by manufacturer; 
35, (Step 6). 
i 105 J \,/E, secondary turns per volt; B,, (Step 6A). 

| E 4.44 f A; F; B, 

3 : 

Turns per winding Multiply the turns per volt for each winding (Steps 28 and 28A) by 

the respective required voltage. Correct for regulation by adding turns 

to the secondary and subtracting turns from the primary. The regula- 

tion (Step 23) should be divided, one half for the primary and one half 
for the secondary. 


Winding Layout 


A. Total available winding length is equal to the window length minus the four margins (two primary coil margins and 
two secondary coil margins) and the magnetic shunt thickness. Assume the magnetic shunt thickness to be at least 2/3L 
for a simple-type core and 1/3L for a shell-type core. Note: The margins are based on either the mechanical or elec- 
trical requirements, whichever is larger. The minimum margins required for mechanical strength are listed in Table 
V. The following margins are recommended for rms working voltage requirements; 8-10 volts per mil for open core 
and coil transformers, 10-15 volts per mil for compound-filled cased transformers, and 15-20 volts per mil for oil- 
filled cased transformers. 

. Turns per layer: The primary turns per layer are equal to the turns per inch for the primary wire size, multiplied 
by 0.6 times the total available winding length. The secondary turns per layer are equal to the turns per inch for 
the secondary wire size multiplied by 0.4 times the total available winding length. 

‘>. Insulation thickness: Thickness of layer insulation selected for mechanical reasons is given in Table V. The thick- 
ness of core tube selected for mechanical reasons is given in Table VI. The breakdown voltages of different materials 
vary. Therefore, it is recommended that the material manufacturer’s data be used for selecting the thickness of 
insulation to meet given voltage requirements. 

. Coil build-up: The total build-up of each coil should comprise approximately 85 per cent of the window width to 
allow for coil bulge, overlaps in layer insulation, etc. The proportions specified for the primary and the secondary 
coils may be modified to approximately equalize the build-up of the coils. 

=. Magnetic shunt: 

(1) Thickness—The thickness of the magnetic shunt is the dimension which is in the window length of the lamina- 
tion. This was found in Step 30A. 

(2) Width—The width of the magnetic shunt is the dimension which is in the direction of the strip width of a 
wound core or the build up of a stacked core. It is approximately equal to the strip width or build up. 

(3) Length—The length of the magnetic shunt is the dimension which is in the window width of the lamination 
It is equal to the window width minus an air gap. The following expression may be used for the air gap: 

4.52 pq N, I, in. 

Mo = ~~ Bose 10° 
Mo, effective air gap; p and q, (Step 6A); N,, (Step 29A); J,, secondary load current, By.,-, flux density in the 
air gap during short circuit kilolines per sq in. (equal to B,). 

The shell-type core requires two shunts and each shunt should have the gap length obtained from the above equation 

The gap is usually divided into two parts, one on each side of the shunt as shown in Fig. 13. Due to variations in materials 

and construction, it may be necessary to modify the thickness of the magnetic shunt slightly in order to meet the elec- 

trical requirements for the transformer 
(Continued) 
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STEP-BY-STEP DESIGN PROCEDURE (Continued) 


Temperature Calculations 


he temperature calculations are the same as those for transformers with unbalanced d-c magnetization (Part 1). Table XI does 
not include the case where the winding occupies the entire coil build. It is suggested that the average of the figure given for 0 to 50 
per cent of the coil build and for 50 to 100 per cent of the coil build be used. 


Vibrator Supply Transformers 


BEFORE STARTING A DESIGN, it is necessary to know the 
frequency of the vibrator, the supply voltage, the load. 
the type of filter, the operating temperature (ambient and 
maximum rise), and the grade of protection. 

Half-wave rectification is rarely used with vibrator 
supply transformers because of the deteriorating effect of 
high magnetizing currents on the vibrator contacts. 
Therefore, only full-wave rectification will be considered. 
Each half of the center tapped windings of both primary 


and secondary should be considered as separate windings 
when calculating the copper space factor F.,. 

Starting is sometimes difficult for higher voltage (24 
volt) vibrator supplies because of the arcing of the con- 
tacts caused by high-voltage transients. This can be 
avoided by inserting a resistance into the primary circuit. 
Another effective means is to wind the primary over the 


secondary so as to have a longer length of turn and thus 
greater resistance. 


Step No Design equations Legend, remarks, notes 


A 


E,/2 is the rms voltage of half the secondary. It is equal to the aver- 
age load voltage, E.., plus the rectifier forward voltage drop and 
other series-resistance voltage drops multiplied by: 

(a) 1.1 for an infinite inductance input filter 


(b) 1/</ T if no filter is used (T is the ratio of the vibrator contacting 
time to one half a period. It is usually between 0.7 to 0.85) or 

(c) Ea multiplied by the ratio from Table XIII for a capacitance 
filtered load 


/, is the average load current J,, multiplied by: 
(a) 0.707 for an infinite inductance input filter 
(b) 0.707 V/ T if no filter is used (T is defined in Step A) or, 
(c) the ratio from Table XIV for a capacitance filtered load 


W, = 2 (E,/2) I, W,, secondary volt-amperes; E,/2, (Step A); I, (Step B). 


W./S (AT/K)}* W., copper loss (watts); S., exposed winding surface area; AT, wind- 
ing temp. rise (deg C); K, constant (Table 1). Note: See Table TA for 
standard conditions 

0.08 logio W,’ + F F.. copper space factor; W,’, equivalent rating based on 60 cps and 
W, 10 C rise; F, operator to account for space factor (Fig. 1); AT, max 
(f/60)%76 (AT /40) 06 imum winding temperature rise, deg C; f, operating frequency, cps; 


W,, (Step 1). 


Nomograph (Fig. 2) 


K,. (Vable 11); F;, core space factor given by manufacturer. 
Seale factor A K.W,/F; f 


F.., (Step 3); W./S., (Step 2); p, resistivity of copper at design temper- 
ature. 


Nomograph scale factor F 
F. W./p S- 


B, flux density in kilolines per sq in. Use Table XVII as a guide and decrease this value by the ratio of the nominal 
operating voltage to the maximum operating voltage (Table X VITID). 


1, Characteristic lamination dimension. Draw a line on the nomograph between points found for Scales A and F (Steps 
1 and 5). Draw another line from the point where the first line intersected Scale C to the point obtained for Scale B 
(Step 6). The intersection of this second line with Scale D gives the characteristic lamination dimension. 


Core Data 


L =1(L/) L, core width (in.); 1, (Step 7); L/l, (Table IT). 


Lamination size 


Select lamination having leg width close to L (Step 8). 


1., window area (sq in.) obtained from lamination dimensions. 


4.A; =I 


1. A;, product of window area times iron core area; |, (Step 7). 


4; = A.A;/A 1,;, iron core area 


4,/L. iron core stack. 


s, ratio of core stack to core width used in Table IT. 


S; = Kil 


S;, exposed core surface area (sq in.); Ke, (Table ID); 1, Step 7. 
(Continued) 
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STEP-BY-STEP DESIGN PROCEDURE (Continued) 


Design equations Legend, remarks, notes 


V;, core weight (ib.): A,, (Table Il): F;. core space factor given by 
manufacturer; 5;, density of steel (0.276 lb /in.’ for cold rolled oriented 
and 0.272 for hot rolled non-oriented silicon steels). Note 
weight is usually given by the manufacturer 
when the weight is not available 


(ore 
Use the equation only 


Core loss per |b obtained from steel curve supplied by manufacturer and multiplied by percentage from Table I\ 
W;, core loss per lb (Step 17) multiplied by core weight (Step 16). 
Volt-amperes per Ib, obtained from steel curve multiplied by percentage from Table I\ 


W.., watts excitation. Volt-amperes per lb (Step 19) multiplied by core weight (Step 16) 
Winding Calculations 


S-, winding exposed surface (sq in.); K3, (Table 11); 1, (Step 7) 


W., approximate winding losses (watts); W. (Step 2) 
x 


Approximate regulation, per cent; W, (Step 1) 


M., conductor weight (lb); K,, (Table II); F., (Step 3); 6 


‘ , density of 
conductor material (0.321 lb per cu in. for copper) 


(Continued) 


Table Xill—Ratio of Secondary Voltage (RMS Table XVI—Ratio of RMS Secondary Voltage 


per Leg) to Average Load Voltage of Full- to Average Load Voltage for Half-Wave 
Wave Rectifier with Capacitive Input Rectifier 


2rfCR, (f = supply frequency) R Series Res. 2xfCR;, 
0.1 | 1.0 | 10 | 100 | 1000 R:, _ Load Res. ; 0.1 10 | 100 


1.11 | 1.0 0.79 | 0.73 0.72 : 1.87 0.89 0.75 
1.14 | 1.07 0.80 | 0.78 0.78 ‘ . 1.91 0.94 0.83 
1.22 1.15 0.95 0.93 0.93 ; . 2.02 1.14 1.09 
1.39 1.16 1.16 1.14 1.14 , . 2.36 1.54 1.49 
1.65 1.62 1.48 1.47 1.47 ‘ ‘ 2.08 2.02 


Notes: R is total series excluding load resistance 
eries resistance/load resistance Rs is the series resistance, al seri 


1e load resistance, in one branch of the rectifier circuit This includes Sranesoemce 3 seh is err a ee 
winding to the filter capacitor 
C is shunt capacitance across load 
fis upply frequency 
If insufficient load circuit data are ava 
> 


Table XIV—Ratio of Secondary Current (rms) 1.1; Ie/Inc = 2 
to Load Current (average) of Full-Wave 
ae wile Capeeners Sage Table XVil—Suggested Flux Densities for Silicon- 


Steel Cores in Vibrator-Supply Transformers 
2rfCR,. (f supply frequency) 


0.05 0.5 5 50 CO 


0.790 0.90 1.40 | 2.30 
0.790 | O. 1.37 2.00 
0.790 ; 1.35 1.68 ; 
0.790 s 1.20 29 ‘ Non-oriented steel, 
0.790 " 0.98 stacked core 
i a a a a i gt Naat Oriented steel, 70 65 50 
he load resistance, in one branch i pentier « na stacked core 
Oriented steel, 75 70 55 
wound core 


Frequency, cps 


Material and Core 115 250 400 


Kilolines per sq in. at maximum voltage 
60 55 40 


Table XV—Ratio of RMS Secondary Current to 
Average Current for Half-Wave Rectifier Table XVIII—Typical Operating Voltage Ranges 


for Nominal Voltage Systems 
R Series Res. 2rfCR; 


a 
eS OOMW 


Ry Load Res. | 0.1 0.1 10 | Nominal Voltage Operating Range 
0.0002 


1.58 1.08 | 2.68 | 4: 3 : . 
0.001 1.58 | 1.80 | 2.75 | 4. : - 

0.005 1.58 | 1.75 are | & : 12 10-16 
0.05 | 1.58 | 1.70 2.40 . . 24 20-30 
0.25 1.58 | 1.65 | 1.90 | 1. : 32 27-44 
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STEP-BY-STEP DESIGN PROCEDURE (Continued) 


Design equations 
W. + 1414 W,, 


F E, 


W,,, primary input power; W, (Step 1); W., (Step 22); W.., (Step 20). 


Legends, remarks, notes 


2. rms voltage of one half the primary; /., nominal battery voltage. 


(Note: One volt was subtracted from the nominal battery voltage to 
allow for contact drops); T, (Step A). 


2 (E,/2) 


l 
\ kh. F \ F.W. 
p 


],, rms primary current; W,,, (Step 24A); E,/2, (Step 24B). 


CM/A, circular mils per ampere; A;, (Table I]; F., (Step 3); J, 
(Step 7); F. W cs (Step 5). 


ps 


sizes. Multiply the CM/A by the rms current for each winding and select the nearest standard size. 


10 N/E, turns per volt; f, operating frequency (cps); B, flux density in 


LIBAF; 


kilolines per sq in. (Step 6); Ay, iron core area (Step 12); F;, iron core 


space factor given by manufacturer. 


} 


ees gill 7 | 
26 8(1 | 


V,, primary turns; £,/2, (Step 24B); N. (Step 28); W., (Step 23). 


k W, 


\V,, secondary turns; £,/2, (Step A). 


Winding Layout and Temperature Calculations 


The winding layout and temperature calculations are the same as those for transformers with unbalanced magnetization (Part I 


Design Example 


\ DESIGN EXAMPLE IS PRESENTED to illustrate the methods 
of power transformer design and temperature calcula- 
tion. It should be noted that this design covers the ex- 
treme case of both frequency and temperature. The 
transformer is to operate at 400 cps and at a maximum 
temperature rise of 115 C over an ambient temperature 
of 85 C. The given requirements are tabulated. The con- 
stants used in the various equations were taken from the 
tables or charts included with the design procedure. 

Lamination dimension / is derived from the nomo- 
graph. It should be noted that the primary and secondary 
turns were decreased from the derived values in order 
to obtain full turns (no fractional) on the secondary. 
This is important because there are only 0.848 turns per 
volt, and 0.36 turns on the secondary would amount to 
over 0.4 volts. This is quite a high figure considering that 
the full secondary voltage is 7.5 volts and one-half turn, 
which is the smallest number of turns which has any 
effect with the lamination configuration used, will change 
the secondary voltage by 0.59 volts. The change in turns 
should be checked to determine that the flux density is 
not too high. 

The total build-up of the coil is approximately 79 per 
cent of the window width, a satisfactory figure. 


Table A—Requirements for Power Transformer 
Used as Example 


Frequency: 400 cps 

Primary voltage, 115; secondary, 7.5 center tapped 

Secondary current, 27.5 amp 

Insulation voltage req'd: Primary, 2500 volts, sec- 
ondary, 10,000 volts (5000 volts test 

Regulation from 25 C no load to 200 C full load, 15 
per cent max 

Ambient temperature, — 40 C to +- 85 C 

Temperature rise, 115 C max 


206 va 


(‘) 
Ry 


206 


(«i-) 


(400 /60)"75 (115 /40)°* 


0.08 logy) W, 
0.08 X 1.4 


Ib 


+ 0.005 0.107 


K.W,/F;f 0.649 * 206/0.88 & 400 0.38 


Seale A, nomograph 


F 
(vu so ( ) 0.107 & 1.414/1.180 0.128 
Pp 


Scale F, nomograph 


B= 100 


(Seale B, nomograph 


0.81 in. (obtained from nomograph) 


0.786 in. 


EI. + 11 


Select lamination 


L = 0.875 
7/16 = 0.574 sq in. 
0.43 


13/0.574 0.749 sq in. 


(Continued) 
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2.09 amp 


0.81 
0.128 


Wire sizes 
Primary—216 X 2.09 = 454 CM, or No. 23 
Secondary—216 X 27.5{= 5860 CM, or No. 13 


Ke 


0.848 turns /volt 


100 x x 100 * 0.653 


‘Turns 
Primary—115 > < 0.9418 = 92 
Secondary—7.5 6.36 


Use 
Primary—87 Secondary—6 


Winding length 
Primary—1-1/32 Secondary—5. 16 


Turns per layer 
Primary—39 X 33/32 10 


Secondary—12 & 5/16 = 3.75 
Layers 
Primary—3 Secondary—2 
Nomograph (Fig. 2, Part I) used in determining value of Build-up 
characteristic lamination dimension |] (steps 4 through 7) Core tube 0.030 
for power transformer example. Primary 0.075 
Insulation 010 
W rap 0.006 
ESS 0.002 
Wrap 0.030 
Sec 0.150 
Ins 0.010 
Wrap 0.030 
Core stack . = 0.749/0.875 = 0.856 in 
0.343 
Use S | in 


0.653 = 15.08 sq in PEMPERATURE CALCULATIONS 


0 92 eee 
24 lb Estimate @,,,-¢ 130 ¢ 


( ore loss Ib 


Core loss 7 5 12 O05 
VA/Ib 1] 130 


77 X 0.924 =7 5 + 15.08) 


100 5.82 per cent 


(Continued on page 3]2) 


0.0956 Ib 





A Critical Evaluation of 


_ High-Precision 


J 


—~ Electromechanical 


Linear 


Measuring Systems 


The “‘weak link’ of an automatic closed-loop machine tool control is its position-measuring 


transducer. This article summarizes the advantages and limitations of commercially tried ap- 


proaches — some conventional, some off-beat and some proprietary — with a frank discussion 


of the accuracy, linearity, resolution and sources of error of each. 


FRANS BROUWER, Product Development Engineer 
Special Products Engineering Dept., Electronics Division 
CANADIAN WESTINGHOUSE COMPANY, LTD. 

Hamilton, Ontario 


THE NEED FOR HIGHER PRECISION at faster speeds of ma- 
chine tools and similar equipment has awakened wide 
interest in electromechanical linear measuring systems. 
Electromechanical systems exhibit a number of advan- 
tageous features including the elimination of backlash 
common to mechanical systems and the presence of an 
electrical output for closed-loop servo control. However, 
electromechanical systems may themselves have limita- 


tions of a more or less severe nature, depending on the 


particular application. 
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In this article a number of electromechanical measur- 
ing systems will be described that have more or less 
recently appeared on the market. Such systems will be 
divided in two arbitrary groups: 

1. Measuring systems with relatively low resolution 
and accuracy. This group also includes comparators 
which indicate a deviation from a set value. 

2. Measuring systems with high accuracy and resolu- 
tion. Systems of this group are characterized by some 
kind of a repeating device (functioning like the minute 
hand on a clock) either as an integral part of the sensing 
element or as a linkage between this element and the 
points of measurement. Such a repeating device is absent 
in low resolution systems. 

Resolution is defined as the smallest increment that 
can be measured; the arbitrary dividing line for the 
above groups is around 1 part in 5000. 
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Low-Resolution Measuring Systems 


Differential Transformers and 
Differential Capacitors 

A differential transformer consists of a pair of identical 
input coils, whose magnetic coupling to a third output 
coil may be varied by a movable member. (])* This 
member either may carry a ferromagnetic slug which 
varies the reluctance in the magnetic circuits, or may 
carry the third coil itself, thus varying the physical dis- 
tances between the coils. 

Figure 1 shows two typical transformers; Fig. 2 three 
examples of various configurations, and Fig. 3 a balanced 
coil system similar to a differential transformer. The in- 
put coils of the differential transformer are energized 
with identical currents of opposite polarity. No sig- 
nal appears on the output coil when its magnetic 
coupling with both input coils is identical because the 
two induced voltages cancel each other. But displacement 
of the movable member may unbalance this configura- 
tion, causing an output signal whose magnitude is pro- 
portional to the displacement from the balanced or null 
position. On either side of the null position voltages 
are in opposite phase. Thus a phase-sensitive a-c volt- 
meter may be used with the differential transformer to 
indicate both direction and magnitude of displacement, 
Fig. 4. 

Differential 
linear range of several inches down to as small a range 
as 0.001 in. 


prove sensitivity. Their use generally results in residual 


transformer may be constructed for a 


lron-cored circuits are often used to im- 


signals composed of harmonics of the existing frequency, 
that obscure the output signal around the null position. 
Usually residual signals may be kept within 0.1 to 0.01 
per cent of the maximum output. Better resolution may 
be obtained differential 
units 


transformers. 
ranges between 0.25 
and 2 per cent. Due to this relatively poor linearity very 


from air cored 


Linearity of commercial 


precise linear measurement with differential transformers 
is limited to small ranges. For example, with a linearity 
of 0.25 per cent and a maximum range of | in. the pos- 
sible error due to nonlinearity is 0.0025 in. The repeat- 
ability of the null position is usually an order of magni- 
tude better than the nonlinearity error. For these reasons 
differential transformers find their most common use in 
comparators, where units with a very small amount of 
full travel may be used. The repeatability of the null 





*Italic numerals in parenthesis refer to Cited Reference at end of article 
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Fig. 2 


(B) air-cored primary with wound armature; (C) iron-cored. 
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Three basic differential transformer circuit configurations: (A) air-cored; Fig. 3 





a 


Fig. 1—Typical differential transformers: (A) 2-in. bobbin with 
1 13/16 in. armature, 1 per cent linearity over +0.15 in. range; 
(B) 16-in. bobbin with 7 11/16 in. armature, | per cent linear- 
ity over +2.5 in. range (Automatic Timing & Controls, Inc.) 


position is then the important quality of the unit. By 


careful construction, thermal errors can be almost 
completely eliminated. It is thus possible to build differ- 
ential transformers with a mechanical repeatability of 
0.000 OOL in. 

But, however excellent the mechanical stability and the 
purity of the nulls of the differential transformer may 
be, it will be useless if the associated electronic circuitry 
is not carefully designed. Drift in the null detector causes 
error in the determination of the null position. Very 
few instruments at present on the market have a null 
detector whose electrical stability is comparable to the 
mechanical precision of the differential transformer. This 
is a serious deficiency that should be investigated care- 


—O 
a ciomeisiee ~ 
“in Vv 
"Tee 
: = 
Ie: 
ad Vw \ 


Balanced 
similar to a differential transformer. 


electromagnet 
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Voltmeter 


—--+... 

dba 
Fig. 4—Circuitry for reading direction and magnitude of differ- 
ential transformer armature displacement, 
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Fig. 5—Dynamometer-type indicator for differential transformer 
readout to eliminate drift encountered in circuit of Fig. 4. 


of many possible differential capacitor configura- 


fully when buying a comparator of this kind. It is per- 
fectly feasible to build a null detector system that is 
absolutely (in the mathematical sense) free from drift. 
A good example of such a system is shown in Fig. 5 in 
which the phase-sensitive detector and d-c meter are re- 
placed by a sensitive dynamometer. An amplifier may be 
employed between the indicator and the differential 
transformer to increase sensitivity 
affecting freedom of drift. 

The accuracy of absolute measurements with a dif- 
ferential transformer depends also on the calibration of 
the indicator and is affected by the level of the input 
voltage to the transducer and the all-over gain in the 
indicator. Accuracy of measurements is_ rarely better 
than a few per cent. But for comparators measuring 
deviations from null of a few thousandths or less, this 
accuracy is usually quite satisfactory. 


without necessarily 


Differential capacitors, an example of which is shown 
schematically in Fig. 6, exhibit substantially the same 
properties as air-cored differential transformers. How- 
ever, their output impedance is very much higher than 
that of differential transformers. Thus they have to be 
carefully screened and are less suitable for use with in- 
dicators of low input impedance. But where these factors 
are satisfactorily controlled quite high precision can be 


achieved, as exemplified by the application of Fig. 7. 
Linear Potentiometers 


A linear potentiometer is a device with a moveable 
member carrying a slider that rides on a resistance wire, 
Fig. 8. (J, 2) The resistance wire is usually wound in 
the form of a coil on a straight bar. Position is then 
measured in terms of the fraction of the total resistance 
of the wire that may be measured between the slider 
and one of the end terminals of the resistance wire. 
Figure 9 shows how such measurement may be performed. 
By connecting the measuring element in a_ so-called 
Wheatstone bridge the precision of resistance measure- 
ment is virtually independent of the voltage source. The 


Fig. 7—Gendron Freres (France) cylin- 
drical grinder equipped with Electro- 
\utosizer capacitance-type gaging head 
and electronic comparator. Precision 
within 0.0004 in. over a diameter range 
of 3/16 to 3 in. Over a more limited 
range with special circuitry manufacturer 
claims a precision as close as 8 millionths 
of an inch. (Electro-Autosizing Machine 
Div., Industrial Gauges Corp.) 
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resistance divider, usually constructed of fixed value re- 
sistance and switches, may easily be made as accurate 
as | part in 20,000—which is far better than the pre- 
cision of the linear potentiometer. When a sufficiently 
sensitive indicator is used the performance of this system 
will depend solely on the properties of the linear 
potentiometer. 

Two limitations of the linear potentiometer are of 
importance: (1) or smallest increment 
of displacement that can be measured, which depends 
on the size of the resistance used and (2) the 
linearity, which depends on the uniformity of the resis- 
tance wire as regards size and material, and the me- 
chanical precision of the winding. Very rarely will the 
wire diameter be below 1 to 1.5 thousandths. This then 
will be the best possible resolution obtainable. It is 
found only in the highest resistance units. Production 


the resolution, 


wire 


techniques of resistance wire have made it possible to 
produce wire with a uniformity of better than one part 
in a few thousand. Using the best possible winding 
techniques, in which handling of fine gage wire plays 
a very important part, it is possible to produce linear 
potentiometers with a linearity of one part in 5000 and 
a resolution of 0.0015 in. (No. 46 AWG wire). But this 
top limit of precision can be achieved only by selection 
from a production lot of a lower precision class. Cam 
correction can be used to improve the linearity of resist- 


Fig. 8—Cut-away view of recti- 
linear 
Phis 6-in. unit has a 4 in, travel. 
Resolution is determined by re- 
sistance (wire size): 0.0041 in. 
at 2 K ohms; 0.0015 in. at 50 K 


ohms; linearity = 


precision potentiometer, 


0.5 per cent. 


(Bourns Laboratories) 


Fig. 9 
linear 


Typical bridge circuitry for 


potentiometer measurements. 


ance notentiometers. but this adds considerably 
cost of the unit. 


to the 


Like variable potentiometers. variable capacitors or 
variable inductances could be conceived. However. they 
have not been developed to the same degree of refine- 
ment as potentiometers. 


Ultrasonic Systems 


Linear measurement with ultrasonic svstems i: possible 


to a precision in the range of 0.1 to 1 per cent. Although 


this may seem low compared to the precision of mechani- 


Fig. 10—Vidigage resonant-type  ultra- 
sonic thickness tester set up for measur- 
ing wall thickness of hollow 
indicated by vertical pulse on oscillo- 
scope scale. Manufacturer claims accuracy 
within 0.1 per cent with standard equip- 
ment, 0.02 per cent 


eylinder as 


limited range 
with recording equipment. (Branson In- 
struments, Inc. 


over 








Plug-in sweep oscillator 
with variable inductor 
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cal systems, ultrasonic systems have found a number of 
applications because of one particular unique feature of 
these systems: distance measurements require access to 
only one side of the measured object. This is very con- 
venient for thickness measurements of tubing, large steel 
plates, walls of boiler vessels and similar applications 
where other systems fail because of inaccessability. 

Ultrasonic systems are characterized by the following 
components: a source of electrical energy of adjustable 
frequency or of pulsed fixed frequency in the above- 
audio range, an ultrasonic transducer capable of trans- 
ferring the electrical energy into mechanical energy (3) 
and an indicator to indicate resonance or elapsed time. 
Two different systems are employed: one is based on 
the detection of resonance: the other on the measure- 
ment of elapsed time. In both systems the transducer 
is brought into contact with the test piece and excited 
by the power source to generate a longitudinal wave 
of mechanical vibration in the material. The wave is 
reflected from the opposite side of the material and will 
return towards the transducer. 

In the resonance system, typified in Fig. 10. the fre- 
quency of the power source is adjusted until the reflected 
wave in the material returns to the transducer in the 
same phase in which it was originally transmitted. The 


High-Resolution Measuring Systems 


Some of the systems previously discussed may be con- 
structed to have an accuracy of better than 0.1 per cent. 
But such precision, already much better than that in 
most other measurements of physical quantities is not 
always sufficient for the determination of position in 
machine tools. where it is frequently required to adjust 
table precision to within 0.0001 in. over a total table 
travel of several feet. Jig boring and grinding are 
typical examples. This means that the resolution of the 
measuring instrument. expressed as a fraction of the 
full range. may have to be in the order of 1 part in 
500,000, while often a precision (linearity) of better 
than 1 part in 100.000 is required. During the last 
several decades the limits of precision attainable have 
been pushed farther and farther into extremes and it 
appears that we are now rapidly approaching a limit 
no longer set by 


technological factors but by such 
physical 


qualities as temperature coefficients, 
hysteresis phenomena and a few others. 
Generally speaking it is not possible to obtain a degree 
of linearity such as mentioned above in any single 
transducer that translates one physical quantity into 
another. As a rule of thumb one may say that it is fairly 
simple to attain a linearity of 1 part in 100, moderately 
difficult to obtain a linearity of 1 part in 1000 and almost 
impossible to attain a linearity of 1 part in 10.000. This 
rule applies to a wide variety of single physical trans- 
ducers like synchros. differential transformers, potenti- 
ometers, pressure transducers, accelerometers, tachometers. 
flowmeters and a great many others. Better performance 
has only been possible by introducing the principle of 
repetition in one form or another. However, as soon 
as this principle is applied. the 1:1 relationship between 
the input and output gets lost and can only be re- 
stored by the addition of a coarse-measuring system or 


aging, 


a counter. This then adds to the complexity of the set-up. 
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sharpness of this resonance is usually very high; the 
frequencies at which resonances occur may be thus 
established with great precision. Resonances occur when 
the thickness of the material is a whole number of 
half wavelengths. Wavelength (A) is related to fre- 
quency (f) by the formula s = fd, in which s is the 
velocity of sound in the material.* When the constant s 
is known, thickness may easily be established. 

The elapsed time system operates in a similar manner 
to a radar set. Pulsed oscillations from the power 
source are transmitted mechanically by the transducer 
and reflected back from the opposite side. The elapsed 
time between transmitted and received signal, multiplied 
by the sound velocity constant s gives the thickness of 
the material. While less accurate than the resonance 
method this method may also be used to detect second- 
ary reflections due to non-homogeneity in the material. 
\ typical application is the detection of laminations in 
rolled steel. 


r: n-M 
P* @+M)0—2M 
Where E = 


16 cm per sec 


Young’s modulus in dynes per sq cm 
P = density in gm per cc 


V/ Poisson’s ratio 


An example of a repetitive measuring device is a 
leadscrew and nut with a calibrated dial on the screw 
shaft. A certain reading of the dial does not correspond 
to only one particular position of the table that carries 
the nut, but to a whole family of positions, mutually 
spaced by an amount equal to the lead of the screw. 
To determine a particular position a thread counter or 
a coarse system with an accuracy better than half the 
lead of the screw may be used. A well known example 
of a coarse-fine system is a two synchro system. Some- 
times a coarse-medium-fine system is the answer (e. g. 
when the system covers such a large number of full 
increments of the fine system that one coarse system 
cannot resolve it.) This principle, applied in perpetuo 
results in a pure digital system. 


In general, resolution of repeating systems is only 
dependent on the fine system. When expressed as a 
fraction of the full range, it may be made infinitely 
large. Accuracy is determined by physical or techno- 
logical factors which are different for every system. 


Lead Screw and Rack Systems 


Some of the most reliable transducers, signal pickoffs 
or data elements (call them what you will) that have 





Fig. 11—-Lead error curve for lead screw with a worn spot 
caused by long production run of short parts. 
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Fig. 12 


RAN 
| x 
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Leadscrew and double-nut arrangement with preloaded central 


spring to eliminate backlash in both directions of travel. Nuts are recireu- 


lating ball type. (Ferranti, Ltd.) 


been made are those capable of converting mechanical 
rotation into an electrical signal. (7, 2) A logical step 
towards the construction of a linear position transducer 
is to employ such a rotary transducer with a linkage 
that converts linear motion into rotation. 

The critical part of these systems is the mechanical 
linkage. Either a rack and pinion or a screw and nut 
may be used. 

The first solution has been used on experimental mill- 
ing machine in which a precision of 0.001 in. was ob- 
tained. A synchro was employed as the data-element. 
This synchro made a full revolution for a displacement 
of the table of only 0.1 in. To achieve this, a backlash- 
free precision gear train was used, starting from a pinion 
engaging a rack. It is doubtful whether such a system 
will retain its accuracy for any length of time, as it 
will be affected by wear from dirt particles, which 
indeed are difficult to eliminate in a production machine. 

A precision rack-and-pinion system is more difficult 
to make than a lead screw of the same precision. The 
latter may be considered as the superior linkage for the 
conversion of rotary into linear motion. 

A lead screw, however, is not entirely free from 
defects. Even the most precise units are subject to wear 
from prolonged use, have backlash and have an oil 
film of unpredictable thickness between the screw and 
nut. (4) In addition there is a limitation to the original 
lead accuracy and possible bearing errors. We shall 
examine each of these factors separately. 

Considering wear, a distinction should be made be- 
tween lead screws used for measurement only and those 
also used for power transmission. Wear in a well-oiled 
lead screw is negligible when it is rotated in its nut 
without load. If however, load is present, wear cannot 
be eliminated. For example, a thread grinding machine 
that has been used in a long production run on short 
parts will inevitably show a worn spot in its lead screw. 
A typical lead error curve for such a screw is shown. 
Fig. 11. To reduce this effect the use of a long nut is 
advantageous. Wear in a lead screw has one beneficial 
effect however: errors due to “high spots” which may 


have occurred in the screw manufacturing process are 
gradually smoothed out, because high spots are worn 
off first. Substantial use of this principle is made in the 
lapping process of high precision screws. 


Backlash in measuring systems with screws ean be 


eliminated by spring-loaded split nut arrangements, 
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Fig. 13 DB back-to-back duplex 
bearing pair preloaded by tighten- 
ing lock nuts. (Morton Bearing Co.) 


Fig. 14—Recirculating ball-bearing screw and nut assembly. 
(Saginaw Steering Gear Division, General Motors Corp.) 


(very light load, to prevent wear) Fig. 12, or by the 
use of adjustable split nuts. In this latter method, when 
properly adjusted the oil film between the nut and the 
screw is an effective spring cushion. Also, backlash may 
be eliminated by always approaching the measured posi- 
tion from the same side. 

Oil films are essentially springs. When moving a table 
with a screw, the oil film is compressed until the com- 
pression is equal to the break-away force of the table. 
Unfortunately, once the table is moving, the force neces- 
sary to keep it in motion is smaller than the break-away 
force. (5) The result is that the compression is reduced 
as soon as the table sets in motion. The variation of the 
oil film compression may be between a few thousandths, 
and a few ten-thousandths, depending on the size of the 
table and the screw and on the type of oil. Typical values 
for break-away and motion forces are 300 and 200 Ib 
for a medium sized table. One of the results of the oil 
compression problem is the extreme difficulty of moving 
heavy tables with a lead screw in very small increments: 
as soon as the break-away force is reached the table 
jumps. It is virtually impossible to move the table in in- 
crements smaller than this jump. Thus oil film com- 
pressibility is a very serious limitation for the use of a 
loaded screw as a precision measuring linkage. 

Lead errors in screws may be held within 0.0005 in. 
per ft when made on a precision machine. In the case 
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Fig. 15--Unloaded leadscrew and servo followup for manual 
table drive. 


Differential transformer 
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Command 
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Fig. 16—Automatic power driven table with servo-controlled 
unloaded leadscrew. 


of very high precision units, made under conditions of 
controlled temperature, lead errors may be held within 
0.0001 in. per ft. Temperature is the basic limitation 
since the average temperature coefficient of steel is 
0.00015 in. per ft per deg C. 

The axial play of lead screw bearings enters into the 
measuring function. The same remarks as made above 
for the screw with regards to backlash and oil com- 
pressibility apply here. One way to substantially eliminate 
bearing errors is the use of preloaded ball bearings, 
Fig. 13. A pair of bearings located on one side of the 
screw with a preload very much larger than the break- 
away force of the table (say 3000 lb) will reduce the 
error to a negligible value. 

One bearing error remaining is wobble or “drunken- 
ness,” which in preloaded precision bearing pairs with 
zero external load is below 0.00001 in. Drunkenness is 
affected somewhat by external load, which also intro- 
duces an error due to resilience. In medium sized 
machines total bearing error may be held below 0.00005 
in. 

The principle of ball bearings may also be used in the 
screw-nut arrangement by employing a recirculating ball 
screw-nut, Fig. 14. Compared to an Acme screw a rise 
in efficiency of say from 15 to 90 per cent is obtained 
with the ball screw. allowing the use of a large bearing 
preload and materially reducing oil compression effects. 
Wear is also very considerably reduced. In applications 
where the screw is also used in the power drive, accuracy 
is effected by resilience. 

\ variety of systems may be built employing screws 
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with rotary electrical signal pickoffs as data elements 
for linear measurements. A “fine” data element directly 
coupled to the drive screw of the machine and a “coarse” 
data element geared down from the screw will define 
table position within the limitation of the loaded screw 
as described before. Only medium precision may be 
expected from such a system unless split-nut preloaded 
ball screws are employed. A disadvantage of the ball 
screws is their relatively large lead. Small displacements 
correspond to very small angular increments. Thus high 
resolution data elements, directly coupled to the screw 
shaft, are required. 

A system with a separate, unloaded measuring screw 
is shown in Fig. 15. Table position is measured with a 
servo-controlled screw. Nut position on the measuring 
screw is compared with table position by a differential 
transformer mounted on the table. The amplified out- 
put from the differential transformer controls the servo 
motor until balance is reached. A counter or a data 
element on the screw may be employed to read table 
position. By proper construction of this system electrical 
errors may substantially be eliminated, resulting in a 
system with a precision determined by the measuring 
screw and the data elements. 

High precision may be obtained because the screw is 
unloaded. An extra mechanical difficulty may be pre- 
sented by the guidance of the nut necessary to prevent 
its rotation. Maximum traverse speed is relatively low. 
It is limited by maximum motor speed, gearing and lead 
of the measuring screw.:A typical value is 12 in. per 
min maximum speed. 

In an alternative arrangement, shown in Fig. 16, the 
table is made to follow the nut on the measuring screw 
by feeding the signal of the differential transformer 
into the power drive of the table. The power drive may 
either be a servo system or a brake-and-clutch system. 
It is possible to build such systems to match the pre- 
cision of the measuring system with which they are 
employed. Position is controlled by a conventional servo 
follow-up system that compares the command position 
with the data elements on the measuring screw and 
governs the servo motor accordingly. 


Optical Systems 

The desire to eliminate lead screws in order to obtain 
better accuracy as well as higher transfer speeds has led 
to the development of a variety of other measuring 
systems, including methods using diffraction gratings. 

Diffraction gratings have been made for many years. 
Under pressure from physicists, production techniques 
have improved to the point where the number of lines 
per inch that can be produced (up to 30,000 lines per 
in.) is larger, in fact, than required for the somewhat 
unconventional use of gratings to be described here. 

To use a grating as a measuring instrument an optical 
slit may be placed in close proximity and parallel to 
the,lines of the grating. The slit will be carried by the 
table of the machine while the grating is mounted on 
the machine bed. When parallel light illuminates the 
grating behind the slit, movement of the table will cause 
light alternately to fall through the slit and the grating 
or to be interrupted. A photocell is placed behind the 
slit to convert the light interruptions into electrical 
pulses. These are counted in an electrical counter and 
can be read out as displacement. Gratings made with 
5000 lines per in. allow a resolution of 0.0001 in. (by 
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counting changes from light to dark as well as dark 
to light). Greater illumination of the photocells is 
possible by employing a number of slits properly spaced, 
instead of one. In other words instead of a slit an 
identical piece of grating may be used. 

Such a grating system, however, does not indicate 
direction of movement. The photocell only counts in- 
tensity variations. whether they occur due to movement 
in one direction or the other. In addition, vibration in 
the machine may result in extra counts, thus causing 
errors. This problem may be solved by the use of two 
photocells and two gratings on the movable member, 
relatively displaced by an uneven number of line widths. 
Then when one photocell receives full light the other 
one is dark and vice versa. Thus a two or more phase 
system may be created with sense of direction deter- 
mined by the sequence of photocell operation. The MIT 
Servomechanism Laboratory used this principle (in their 
now-classic prototype numerically controlled milling 
machine) not only for direction sensing but also to 
improve resolution. With a four-phase system and 2500- 
line-per-in. grating MIT achieves directional indication 
in half-line-width increments of 0.0001 in. 

A similar system is used by Ferranti. Here the lines 
of the movable grating are placed under a small single 
angle with respect to the lines of the fixed grating thus 
producing a moving Moiré fringe pattern, Fig. 17. 

An advantage of the use of gratings is that the 
accuracy of the machine depends only on the grating 
itself. Because of the digital nature of the output data, 
the table can be controlled until the difference between 
command and total count is one or less. The accuracy 
of the grating depends on the process with which it was 
originally produced. It is difficult to obtain an accuracy 
in excess of 1 part in 10,000. The gratings come on 
glass plates of limited length. Because of the physical 
size of the movable grating and the photocells, a few 
missing lines between the joints of the glass plates do 
not affect the operation of the unit, provided that the 
plates are properly aligned. This latter condition presents 
a limitation: a difference between the temperature co- 
efficient of expansion of the glass plates and the machine 
part on which they are mounted may cause such a 
misalignment. when the temperature of the machine is 
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Fig. 17—Ferranti optical measuring system using superimposed 
prismatic diffraction gratings. (A) With grating lines slightly 
askew, light passing through vertical gratings creates a moiré 
fringe of horizontal light and dark areas. As back grating 
moves left or right, dark fringes move up or down. Distance 
between dark bands represents spacing of grating lines. (B) 
Optical system measuring table position of a vertical miller 
(C) Closeup of photoelectric detector head; transistors are 
connected in a two-phase circuit for directional counting. 
Gratings used are 500, 2500 or 5000 lines per in. to give preci- 
sions of 0.001, 0.0002 or 0.0001 in., and have been made in 
lengths to 244 ft, with 5 ft lengths under development. (Fer- 
ranti, Ltd.) 
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a few degrees different from the one that prevailed 


during alignment. The maximum error per joint corre- 
sponds to 12 or 11% counts depending on the operation 
of the electronic circuitry. 

\ disadvantage of this counting system and of count- 
ing systems in general is its incremental operation: only 
displacements are measured, not actual position. At 
To measure 
position the table has to be started from a_ reference 
point in the range, which has to be 
the From dis- 


placement will be measured with an adding and sub- 


standstill the transducer measures nothing. 


established with 


means other than transducer. there on 


tracting counter. Power failure requires the systems to 
be brought back to the reference again. Short power 
failures that may go unnoticed may result in damage 
to work or tool due to unregistered counts. Wide-band 
computer circuitry is needed to interpret the counts. A 
fast transfer speed of say 300 ft per min with a grating 
of 5000 lines per in. gives a pulse rate of 5000 x 300 
x 12/60 


\ unique advantage of the diffraction grating system 


300,000 pulses per sec. 


is its suitability for rate control by electronically com- 
paring the pulse rate readout with the pulse rate of an 
input command signal. 


Digital Scales 

Figure 18 shows an example of a digitally coded 
scale. It consists of a number of tracks, each with alter- 
nating opaque and clear areas, the presence of which 
may be determined by photocells. Other forms of scales 
have tracks with alternating conductive and nonconduc- 
tive areas that may be contacted by brushes. A row of 
brushes or photocells, each sensing a track, is employed 
to read the code that represents the position. By using 


a different law of alternation for each track it is pos- 
sible to obtain a coding that, within the resolution of the 
scale, is unique for every position. The number of such 


possible codings of the scale that are unambiguous is 
very large. The characteristic of an unambiguous coding 
is that no simultaneous change occures in two or more 
tracks. This is an advantage because it is physically im- 
possible to build the sensing element to such an accuracy 
that a simultaneous change could be depended upon. 
Yet some of the most useful codes, such as the pure 
binary code, are ambiguous. It is, however, possible to 


mechanically or electrically eliminate code ambiguity. (6) 

The resolution of digital scales depends on the smallest 
increment built in it. Conductive scales read by brushes 
cannot be made so finely divided as photoelectric scales. 
that is 
larger than practical slit widths of photoelectric units. 


Moreover. brushes need a finite contact area 


In addition, a contact-type scale is not practic al for 
machine tool applications because of dust and dirt. A 
resolution of better than a few thousandths is very hard 
to achieve in scale with a reasonable 
life and reliability. Photoelectric scales offer better pos- 
sibilities in this respect. 


a contact-type 


Techniques for the manufacture of coded disks for 
photoelectric reading have been constantly improved dur- 
ing the last decade and this wealth of experience is 
being applied to the development of linear scales. It is 
now possible to produce scales photographically with 
increments in the order of 0.0005 in. and an accuracy 
of better than 0.0002 in. 
cells are suitable to read the tracks. 

An advantage of digital scales is that their output 


of the zones Lead-sulphide 


is in digital form. Unambiguously coded scales do not 
require nonambiguity equipment and are thus easier to 
manufacture. Unfortunately. however. unambiguous codes 
require complicated translation equipment for their trans- 
formation 


into other codes 


suitable for computing purposes. The complexity of this 


into a decimal number or 
translation equipment increases very rapidly with the 
number of digits (tracks) in the code. Hence there is a 
tendency towards the development of scales and reading 
units that do not require translation equipment. 

Photographic scales come on glass plates of finite 
length. Mechanical alignment of the scales is a disad- 
vantage, because it is both difficult and costly. The scales 
are relatively large: a binary decimal code for a resolu- 
tion of 0.0005 in. in 50 in. requires 24 tracks. With a 
practical track spacing of 0.1 in. this requires a scale 
width of about 2.5 inch. 

For 


coded scales cannot compete with 


use in simple measuring instruments digitally 
most other measuring 
systems. However, their suitability for computer-con- 
trolled equipment is obvious. Further development of 
digital scales will certainly improve their usefulness. It 
is doubtful however if digital scales can replace analog 


systems of top precision in the near future. 
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Fig. 18 
(W. & L. E. Gurley) 
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Photoelectric-type digital scale coded in a reflected binary (Gray) arrangement of clear and opaque areas, used in con- 
junction with an optical slit to read out displacements in 0.0005-in. increments. 


Note: top two rows are for error checking. 
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Systems With Repeating Transducers 


Pratt & Whitney Co., Inc.: ‘Electrolimit’’ 


The Electrolimit system is based on the differential 
coil principle, using the configuration of Fig. 3. The 
differential coils are used with a null indicator to per- 
form the function of a comparator. The movable slug 
is replaced by a master bar carrying a number of accu- 
rately spaced magnetic lugs at 1l-in. intervals. The 
master bar will be mounted under the table of the 
machine and the differential coils on the bed structure, 
Fig. 19. Null indications may then be observed for table 
positions precisely 1 in. apart. Interpolation between 
these positions is accomplished by the use of a precision 
micrometer screw that allows the position of the coils 
to be adjusted to within 0.0001 in. over a range of 1 inch. 

The precision of the system is a function of the in- 
dividual precision of the master bar, the comparator 
and the micrometer screw. The master bar may be made 
to the same accuracy as the measuring system with which 
it was originally compared. This is so because corrections 
may be made by individually grinding the sides of the 
magnetic lugs on the master bar. This operation may 
from a point of view of cost be compared with the 
adjustment of a cam correction on another system. 

By proper care in the construction of the electronic 
comparator, errors may be negligibly small compared 
to the mechanical part of the system. The micrometer 
itself is an unloaded screw system and because of its 
short range, using a fine thread, may be made accurate 
to approximately 0.0001 in. 

A coarse data element or counter is required to select 





Fig. 19—Basic Electrolimit measuring 
system for table and carriage positions 
of a manually controlled jig borer 
using differential circuitry to position 
electromagnetic head with respect to 
lugs on master bar mounted under 
table. (7) (Pratt & Whitney Company, 
Inc.) 
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the correct multiple of 1 in. in the set up. It is possible 
to add circuits to the system for the correction of tem- 
other than the 


perature when 


calibration temperature. 


errors, operating at 


Summarizing, the Electrolimit is an excellent stable 
system for measurements of linear position to an accuracy 
and resolution of 0.0001 in. over a range of several 
feet, and well suited to automatic point-to-point posi- 
tional control, such as required for jig boring. (7) Its 
discontinuous construction, however. does not lend itself 
to continuous positional control such as required for 
nonlinear contour programming purposes. This is also 
an inconvenience in manual control when small adjust- 
ments have to be made on either side of a limiting 
region. 

The British Thomson Houston Company has a system 
similar to the Pratt & Whitney system. The only differ- 
ence is in the master bar, which instead of carrying 
lugs is equipped with round holes at 1 in. distance. 
The holes are drilled in 1-in. long units that are mounted 
in the U-shaped bar and are adjustable over a range of 
0.0005 in. for calibration. The British Thomson Houston 
system operates in the same manner as the Pratt & 
Whitney system with a comparator based on a differen- 
tial transformer and an interpolating micrometer screw 
with a l-in. range. Thus the same comments apply as 
made for the Pratt & Whitney system. 


Farrand Controls, Inc.: “‘Inductosyn” 


The Farrand linear position transducer, marketed 
under the trade name Linear Inductosyn. is a flat linear 
resolver of unique construction. It consists of a primary 
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element in the form of a zig-zag conductor printed on a 
glass plate and a secondary element with two similar 
conductors spaced in a two-phase relationship, as shown 
in Fig. 20. The primary element may be mounted on 
the bed of a machine, while the secondary element may 
be carried by the table. The conductors of both elements 
are parallel and spaced with a clearance of 5 to 15 thou- 
sandths, Fig. 21. 

The operation is as follows: An a-c current in the 
primary conductor will induce voltages on the terminals 
of the secondary conductor. The voltages will be maxi- 


mum when the wires of a secondary conductor line up 


Fig. 21—-Inductosyn primary seales (three) on table 


Fig. 20—Linear  Inductosyn 
transducer consists of an induc- 
tively coupled 10-in. primary 
scale and 4in. secondary slide, 
each carrying firmly bonded 
metallic (Farrand 
Controls, 


circuitry. 
Inc.) 


0.100inch 


360 electrical degrees 


>| 90 electrical degrees 


with those of the primary, and zero when they are in 
between the conductors of the primary. As a function 
of position the amplitudes of the a-c voltages on the 
secondary conductors vary approximately as sine and 
cosine functions. This performance is similar to that of 
a rotating resolver, the only difference being that the 
unit is stretched out and built in a repeating configura- 
tion. One full period of this configuration corresponds 
to a full turn of a single resolver. The Inductosyn is so 
constructed that the elementary period is precisely 0.1 
in. Then the sinusoidal amplitude versus position func- 
tions also have a period of 0.1 in. 


vertical miller, 


with secondary slide mounted on the saddle. (Farrand Controls, Ine.) 
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The Inductosyn unit may be connected to another 
resolver in a conventional follow-up arrangement, Fig. 
The rotary resolver is fed with an a-c signal from 
an oscillator and the two resolver outputs are coupled to 
the two secondary conductors of the Inductosyn, the 
primary of which is connected to a phase-sensitive null 
indicator. For any position of the secondary conductors 
relative to the primary the resolver shaft may be adjusted 
so as to obtain a null indication. One full turn of the 
resolver corresponds to a displacement of 0.1 in. A 
rotation of a fraction of a turn corresponds similarly 
to the corresponding fraction of 0.1 in. 

Because of the repeating nature of this unit nulls will 
be observed every 0.1 in. for any particular resolver 
shaft setting. A coarse system with an accuracy of better 
than + 0.05 in. should be employed to eliminate this 
ambiguity. 

The repeatability of the Inductosyn system at a given 
temperature may be made as good as 10 to 20 micro- 
inches. The accuracy depends on the following factors: 
1. Accuracy originally built in the transducer elements. 
2. Equality in gain in the two channels coupling the 

Inductosyn to the resolver. 

Precision of the resolver. 


Freedom from drift in the 


phase sensitive null 


indicator. 
Physical 
elements. 


alignment of the individual Inductosyn 


Temperature effects. 
The transducer primary elements come in 10 in. 


lengths printed on glass plates. The secondary elements. 


containing two space-phased conductors, are printed on 
glass plates approximately 4 in. long. The accuracy built 
in the primary elements is quoted by the manufacturer 


as 0.0001 in. An important feature of the Inductosyn 
is its averaging effect: small local errors affect only 
one pair of wires: a displacement between the elements 
to compensate such an error involves all 32 pairs 
of wires of the secondary. Hence local errors are re- 
duced 32-fold and thus made negligibly small. 

The connections between the resolver and the Inducto- 
syn can be made without the use of amplifiers, if the 
resolver, which has a relatively low insertion loss, is 
connected to the oscillator rather than the Inductosyn 
primary. In order to eliminate cyclic errors, the gain 
in the two channels should be made equal. This may be 
done by adding resistive elements in the channels and 
making one of them adjustable. If a loss factor of 10 
to 100 times is allowed in these resistors, effects of 
wiring resistance and impedance variations may be 
largely —— For a maximum cyclic error of 
+ 0.001 in., the equality of gain has to be 1.3 per cent. 
This haces that by careful adjustment of the gain (say 
within 0.3 per cent), cyclic errors may be substantially 
eliminated. Errors caused by possible variation of the 
coupling between the secondary and primary conductors 
of the Inductosyn are eliminated by the interlaced con- 
struction of the two secondary conductors. 

Errors of the rotary resolver cause cyclic errors in 
Resolver errors may be held as small as 

0.1 per cent, possibly even as small as + 0.05 per cent, 
corresponding to position errors of + 0.0001 and 
0.00005 in. respectively. 

As mentioned before. 


the system. 


phase-sensitive null indicators 
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may be constructed so as to have freedom from drift. 
The use of a dynanometer type null indicator preceded 
by an a-c amplifier is one possible solution. 

One 10-in. primary element employed with its 4-in. 
secondary allows a maximum travel of 6 in. For longer 
ranges of travel one or more primary elements have to 
be used in series and carefully aligned. Any error in 
alignment between the primary elements shows up in 
the system. Due to the averaging effect of the unit 
however, the error is spread out over a length equal to 
that of the pickoff coil (4 in.). Figure 23 shows the 
effect on the system of 0.0002 in. error in alignment. 


Temperature effects depend entirely on the coefficient 


Fig. 22—Inductosyn connected to rotary resolver in conven- 
tional followup arrangement. 


Fig. 23—Averaging effects of Inductosyn secondary slider on 
system error when primary scales are misaligned. 


Amplifier 
and phase- 
Coarse sensitive 
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element 


Oscillator 


Fig. 24—Position readout of Inductosyn transducer in servo 
follow-up arrangement on manually controlled table. 





of expansion of the glass scales and the support on 
which they are mounted. If there is a difference between 
the two coefficients, cyclic errors with a period of 10 in. 
are the result. This difference is likely to be a few parts 
per million per deg i although by selective choice of 
materials it could conceivably be made zero. The error 
between scales that are correctly aligned at a particular 
temperature may be anywhere from zero to 0.05 thou- 
sandths per deg C deviation, depending on the material 
properties. 

Being a continuous system, the Inductosyn may be 
easily compensated for linear errors from temperature 
expansion of the primary-element support, by either 
compensating directly for expansion errors or adjusting 
temperature expansion to equal that of the material 
heing machined. The compensation of cyclic errors, how- 
ever, is both difficult and expensive. 

Mechanically, the glass scales must be protected against 
shock and a dust cover is required to keep chips from 
between scale and slider. 

The Inductosyn system may very suitably be employed 
in measuring or positioning systems of the type shown 
in Figs. 15 and 16. Figure 24 shows a read-out measuring 
system equivalent to that of Fig. 15. The continuity of 
the system lends itself to almost any kind of programmed 
positioning controls. 


Canadian Westinghouse Co., Ltd; “‘Nultrax’’ 


Under the trade name Nultrax the Canadian Westing- 
house Company is marketing a linear position transducer 
that, similarly to the Farrand system, is based on mag- 
netic coupling. It consists of a primary element in the 
form of a bifilar coil embedded in the surface of a 
cylindrical steel bar and a similar bifilar coil embedded 
in the inside surface of a steel sleeve, Fig. 25. Figure 
26 shows cross sections of the unit in two locations of 
the primary relative to the secondary. At A the wires of 
primary and secondary are aligned giving maximum 
coupling, while at B the secondary wires are located 
between those of the primary. In the latter case equal 
voltages of opposite polarity are induced in each turn 
of the secondary coil and cancel each other. Zero output 
voltage is then obtained. An amplitude versus position 
function of approximately sinusoidal shape will be gen- 
erated by moving the secondary coil along the primary. 
By winding the coils with a lead of precisely 0.1 in., 
similar nulls of this function will be found every 0.1 in. 
along the range. 


For interpolation between nulls the sinusoidal shape 
of amplitude versus position function is not relied on. 
Instead the transducer is rotated around its axis thus 
moving the nulls along. To this end the transducer is 
mounted alongside the machine in spring-loaded precision 
bearings to allow rotation of the transducer without 
axial play. A rotation of a fraction of a turn corresponds 
to a displacement of the nulls of the same fraction of 
0.1 in. It may be said that in comparison to the Farrand 
system the resolver has been built right into the trans- 
ducer element. Figure 27 shows a typical precision gear 
box for rotation of the pickoff coil. 

Because the Nultrax is a repeating instrument a 
separate coarse system is required to distinguish between 
the nulls, thus eliminating ambiguity. Figure 28 shows 
such a system. 
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The repeatability of the Nultrax system at a given 
temperature is as good as 10 to 20 microinches. The 
accuracy is dependent on the following factors: 

1. Accuracy originally built in the transducer elements. 

2. Degree of freedom from drift in the phase-sensitive 
null indicator. 

3. “Drunkenness” of the spring-loaded bearings. 

1. Temperature effects. 

The transducer primary elements are available in any 
desired length and with a selection of leads. The smallest 
units made so far have a lead of 0.05 in., a diameter of 
32 in. and allow a travel of 10 in. The largest units 
made to date have a lead of 0.2 in., a diameter of 2 in. 
and allow 145 in. of travel. The accuracy of the units 
can be made 0.1 thousandths per 12 in. of travel. The 
averaging effect of the transducers, having from 50 to 
100 turns in the secondary elements, substantially elimi- 
nates any local errors in the windings. 

The phase-sensitive null indicator of the Nultrax 
system of Fig. 26 is so constructed that it is absolutely 
free from drift. 

The Nultrax transducer is supported by three bearings, 
two of which are mounted on one side of the transducer 
under medium or heavy preload depending on size of 
transducer. Because no external load is exerted on the 
transducer only drunkenness of the bearings can occur, 
which would cause a cyclic error of small amplitude with 
a period of 0.1 in. However, drunkenness of first grade 
standard bearings when properly fitted with zero external 
load—as in this case—may be held well within 0.00001 
in. (Grade ABEC7 bearing pairs in DB mounting with 
heavy preload). 

Temperature effects are determined by the tempera- 
ture-expansion coefficient of the steel bar supporting 
the primary coil. This bar if so desired may be made 
of Invar with a negligible temperature coefficient or of 
a steel with a temperature expansion closely equal to 
that of the machine. A simple correction unit may be 
supplied with which a desired temperature coefficient of 
the measuring system may be adjusted by the setting 
of a dial. 

The steel-bodied transducer can withstand considerable 
shock. Accuracy is not affected by wear. 

In addition to measuring the Nultrax system is equally 
well suited to positioning or contouring by manual, 
automatic or numerically programmed control. O O © 
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Basie Nultrax transducer with 
bifilar coil embedded in surface of 
steel primary rod and similar coil 
embedded in inner face of secondary 
sleeve. Unit shown has 11/16 in. pri- 
mary diameter with a 16 in. travel 
and a coil lead of 0.1 in. (Canadian 
Westinghouse Company, Ltd.) 


Fig. 26—Crossection of Nultrax trans- 
ducer showing relation of induced 
secondary voltages to primary vollt- 
ages. In (A) primary and secondary 
coils are aligned to give maximum 
coupling. In (B) the secondary turns 
are midway between primary turns 
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Fig. 27—Gear box drive unit for rotating 2 in. ID Inductosyn 


pickoff secondary coil. Two of these units, in conjunction with 

two 12-ft primary elements mounted vertically, are used for 

fine positioning and leveling of the head of a large Ingersoll 

horizontal drilling, boring and milling machine to an accuracy Fig. 28—Basie Nultrax “coarse/fine” cireuit for automatic posi- 
within 0.001 in. over a 12 ft. range. tioning to 0.0001 in. 
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Regulation Systems 
for A-C Generators 


{lternators to be used in mobile equip- 
ment in either over-the-road service or 
must be 


as stand- by 


power supplies 
rugged and yet as light and compact as 
possible. In general one penalty of size 
reduction with a given power output is 
poorer intrinsic voltage regulation. Var- 
ious means of improving regulation in 


de- 


scribed here, stressing selection of method 


mobile equipment alternators are 


based on duty and desired performance. 
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THERE IS A LARGE AND INCREASING NEED for compact elec- 
tric power supplies in the sizes up to 100 kw. This is 
due to the increased use of mechanical refrigeration in- 
stead of ice in transportation equipment, to the desire for 
small emergency standby power supplies in rural com- 
munities, and to the need for portable power supplies for 
communication equipment. 

inherent Regulation. The simplest and most rugged 
system is the inherently regulated generator in which the 
full load to no load regulation requirement is built di- 
rectly into the generator without the use of an external 
regulator. This system is practical where the speed of 
the generator prime mover is relatively constant and the 
load is primarily a motor load. NEMA permits an op- 
erating range of 10 per cent of nominal voltage on 
a-c motors and this allows the generator an over-all regu- 
lation of 20 per cent. The saturation curve of the normal 
a-c wn in Fig. 1. The full load line in- 


generator is sh 


— ae 
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} 
Inherently 


y regulated 


tig. 2 alternator 


with end-mounted exciter. 


Fig. 1 
(left) 


Saturation curves for typical a-e generators, 


poorly regulated machine, (right) well regulated. 
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dicates the amount of field necessary to provide rated 
voltage at full load. The voltage rises to the value E at 
no-load. It will be seen that the regulation is determined 
by the point on the saturation curve at which the machine 
is designed to operate at rated voltage and that the 
farther up on the curve rated voltage occurs the better 
the regulation will be. The closeness of regulation which 
can be practically designed into this machine is limited 
by heating introduced from two sources: the increased 
iron loss introduced by going into saturation, and the 
increased field copper loss required to supply the addi- 
tional ampere-turns necessary to saturate the iron. In 
machines up to 50 kw, regulation of 15 per cent and less 
can be designed into the unit with little increase in cost. 

This type of machine is ideal where the unit is sub- 
jected to severe physical abuse such as in railroad car 
service where available low cost regulators might 
not be sufficiently rugged and the cost of sturdy 
static regulators would be prohibitive. Figure 2 shows 
an inherently regulated generator with end mounted 
exciter which was designed specifically for railroad re- 
frigerator (reefer) car This generator was 
required to maintain good regulation no load to full load 
and also to accelerate two 71-hp loaded compressors 
simultaneously. 

In smaller generators rated up to 10 kw it has been 
the practice to eliminate the overhung exciter by using 
a revolving armature alternator and winding the d-c 
exciting winding into the same slots as the output wind- 
ing, thus necessitating a set of slip rings for the load and 
a commutator for the exciter winding in the same frame. 
The development of small, sturdy, low-cost selenium rec- 
tifiers has permitted the elimination of the exciter com- 
pletely, and the basic generator is of the less costly index- 
ed pole revolving field tpye. Figure 3 (top) shows the 
basic circuit. The voltage builds up as in a self-excited d-c 
generator, Fig. 3 (bottom). A small amount of permanent 
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magnet material is built into the field pole so as to 
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venerate a voltage high enough to overcome the thresh- 
hold voltage of the rectifiers and generator brushes. Once 
current starts flowing in the field more field flux is pro 
duced and the output voltage will build up until the volt- 
age across the rectifiers and shunt field is equal to the 
generated voltage. 

As on the separately excited self-regulated generator, 
by running this machine into saturation excellent regula- 
tion can be obtained. The actual test data from a 4-kw, 
single-phase, 110/220-volt generator of this type is plotted 
in the curves of Fig. 4. It will be noted that this ma- 
chine is satisfactory for both motor loads and lighting 
loads. The regulation for motor loads corresponds to the 
80 per cent power factor curve and is 14 per cent. con- 
siderably less than the allowable NEMA range of 20 per 
cent. The regulation to lighting loads, where closer regu- 
lation is desirable, corresponds to the unity power fac- 
tor curve and is only 2.7 per cent. 

It might be expected that the output waveform from 
this machine would be poor, as the applied field winding 
voltage is rectified full wave a-c instead of pure d-c. The 
voltage pulsations do not appear in the field current, how- 
ever, as they are damped out by the high inductance of 
the field winding. The harmonic analysis for this machine 
is shown on Fig. 4. The full load harmonic content of 
2.8 per cent is extremely low for a single-phase generator 
at full load. 

The major disadvantage of this type of machine is 
that it cannot be used to start motors with high starting 
loads, as the generated voltage will collapse with a low 
impedance load. This disadvantage is inherent in any 
type of self-excited machine. The generator represents a 
low cost source of commercial power which per unit 
power is cheaper than the self-excited commutator type. 
Because it has no commutator it is also smaller and 
lighter. It requires less maintenance. as it has only one 
set of brushes and the slip ring brushes carry only field 
current, not load current. In military applications another 
advantage is the reduction of radio interference by 
elimination of the commutator. 

D-C Motor Driven Generator. There is a great deal 
of application for equipment to convert available battery 
power to 60 cycle a-c. This is of importance on transpor- 
tation communication equipment where a source of bat- 
tery power is always available. For signalling equipment 
on railroad cars, a-c is necessary to provide a means of 
obtaining a high tension voltage for the plate supply and 
a low voltage for the filament supply. On board ship a-c 
is necessary for the entire radar system. including the 
antenna drive motor. With a d-c to a-c motor-generatot 
set it is possible to provide relatively good inherent regu- 
lation based on the fact that for constant alternator volt- 
age output the excitation ampere-turns on the alternator 
must be from no load to full load, and 
that for any given power factor load the additional am- 


pere-turns necessary are almost proportional to load. As 


increased 


the d-c motor current is also approximately proportional 


to load, the generator excitation ampere-turns can be 
provided by an extra field in the alternator in series with 
the motor armature. This is shown in Fig. 5. The ampere- 
turns for no load rated voltage are supplied directly from 
the input line and additional ampere-turns for load are 
supplied by the series field. 

An m-g set which operates on this principle is shown 
in Fig. 6 with the associated test data in the table. This 
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unit was designed for use as a power supply for com- 
mercial marine radar. A normal battery supply voltage 
varies over wide limits, usually on the order of 15 per 
cent, and the generator must be heavily saturated at no 
load so that these wide changes in voltage input are not 
reflected in the alternator output. The closeness of regu- 
lation which can be obtained with this scheme is limited 
because the load power factor, which has considerable 
effect on the additional ampere-turns necessary for rated 
voltage at full load, is not reflected in the motor current 
and also because the compounding ampere-turns available 
to the generator is a function of the motor input volt- 
age. Practically speaking, with the motor input voltage 
which varies 15 per cent, the output voltage can be 
held from no load to full load within 10 per cent. 
The above discussion has been limited to applications 
where the prime mover holds relatively constant speed 
and where the necessary alternator regulation is in the 
order of 10 per cent. Where the available prime mover 
speed is not constant or where closer voltage regulation 

















Fig. 4—Saturation curve and (right) voltage regulation of 
alternator using rectified output for excitation. 
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is necessary, special motor-generators with external regu- 
lators must be designed to the application. 

Mobile Generator Systems. All transportation 
equipment has a variable speed take off readily available 
at the engine or axle. If an electrical generating systm 
could be designed to successfully operate a motor load 
over this speed range it is obvious that a very low cost 
mobile power supply would be available. One solution 
has been to use a d-c generator with a voltage regulator 
to generate constant d-c voltage independent of the speed. 
This power is then used to supply standard d-c motors. 
The advantages of this system are that the motor char- 
acteristics running from a constant voltage source will be 
independent of the generator speed, and the regulator is 
a low cost item. The disadvantages are that d-c motors are 
inherently more expensive than a-c motors and require 
more maintenance. The regulator, not being static, re- 
quires more maintenance. The ideal system would be one 
using an a-c generator whose characteristic over the 
prime mover speed range would be such as to permit the 
use of standard squirrel cage motors. 

The basic characteristic which a variable speed gen- 
erator supplying a squirrel cage motor load must posssess 
is that the terminal voltage be proportional to the fre- 
quency. Thus a 440-volt 50-cycle motor will operate suc- 
cessfully from a 220-volt 25-cycle line, at half speed 
and half horsepower. A variable speed generator has been 
designed to operate with a magnetic amplifier voltage 
regulator which will give this characteristic over approxi- 
mately a 4:1 speed range. The generator is of the exciter- 
less type which contains enough inherent residual mag- 
netism to build up through rectifiers. It is a compact 
2-pole design, Fig. 7, and has been designed to operate 
over a speed range of from 1800 rpm (30 cycles) to 
7200 rpm (120 cycles). Thus the pulley ratio from the 
power take off must be such that the generator operates 
at a nominal speed of 3600 rpm (60 cycles). 

The sturdy magnetic amplifier regulator, having no 
moving parts, greatly reduces the maintenance require- 
ments of the entire system. A frequency sensitive circuit 
in series with the control winding of the regulator is the 
key to maintaining constant generator field current in- 
dependent of the speed, which in turn results in a gen- 
erated That the 
generator-regulator combination has fulfilled this require- 
ment can be seen from the curves of Fig. 8 (left). 
Figure 8 (right) shows how the generator-regulator com- 


voltage proportional to the speed. 


bination maintains the required voltage, at a given speed, 
with load variation. A great deal of field forcing capacity 
has been designed into the system to permit the system 
to accelerate motors which approach the rating of the 
generator itself, a unique and extremely desirable char- 
acteristic. 

The operating characteristics of the above system, such 
as it motor starting ability, close voltage regulation, and 
maintenance-free operation give it wide potential appli- 
cation also as a constant speed standby power supply to 
operate from any available power take off such as farm 
tractors or idling truck engines. It could be used to 
supply 220-volt 3-phase power to motor loads and with 
the neutral lead brought out can be used to furnish 120- 
volt single-phase power to lighting loads and single-phase 
motor loads. A number of special features have been 
incorporated into the design of the generator to obtain 
maximum output per unit volume. The rotor is a solid 
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casting with special end flanges instead of a through shaft 
to permit all the field space to be used for field winding. 
This also provides for increased mechanical strength as 
the field winding does not build out along the shaft. 

The system described thus represents a very compact, 
versatile and rugged combination to operate off either a 
variable-speed or constant-speed power take off. 

Premised upon the need for an a-c power source capa- 
ble of supplying the needs of standard electrical equip- 
ment, the MO-BIL-AC system has been devised. Composed 
of an a-c generator and some external means of control- 
ling the generator output voltage, the system primarily 
uses the available power of a vehicle’s engine as its 
mechanical source. 

It is desirable to place the alternator in a position 
accessible for inspection and repair and yet not reduce 
the load capacity of the vehicle. If placed under the hood 
of the vehicle mechanical power may be obtained by 
belting to the crankshaft of the engine. Located behind 
the transmission, power for the generator may be ob- 
tained through a speed changer. Several advantages and 
disadvantages exist for these two methods but both have 
been applied successfully. In either case mounting space 
available for the alternator is at a premium, and minimum 
alternator size for a specific output and frequency must 
be provided. The adopted design uses a two-pole revolv- 
ing field for nominal 60-cycle operation at 3600 rpm. 
For any other frequency the alternator speed will be a 
direct proportion of 3600 rpm. 

With a variable-speed drive such as an internal-com- 
bustion engine the maximum allowable alternator speed 
must be closely related to the type of service anticipated, 
the 60-cycle engine speed, and maximum engine speed. 
Considering the range of engine speeds that may be 
encountered for over-the-road operation, approximately 
600 to 4000 rpm, it is apparent that a proper ratio of 
crankshaft pulley diameter to alternator pulley diameter 
must be made in order to limit safe maximum alternator 
rotor speeds. The limitation of alternator maximum 
speeds necessitates the use of relatively high engine speeds 
to produce a 60-cycle output. However, the primary pur- 
pose of a vehicle’s engine is to produce motive power 
and not alternator power. For any stand-by service, engine 
operation at excessive speeds for long periods of time 
is detrimental to engine life. To offset this condition, a 
transmission power take-off or a disengaging over-the- 
road clutch may be used to reduce the required stand-by 
60-cycle engine speed. It is questionable that a clutch 
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for under-the-hood operation will satisfactorily withstand 
10,000 rpm. An alternative is a four-pole alternator de- 
sign to be used for stand-by service only. This would 
halve the necessary 60-cycle engine speed as compared 
to the two-pole design. 

The alternator is composed of a two-pole revolving 
field and a two-phase or three-phase wound stator exactly 
like that used in an induction motor. The rotor core is 
a high-carbon steel casting combining both great me- 
chanical strength and high magnetic residual content. 
The question of rotor field excitation immediately im- 
plies the use of a source of d-c power. Since a d-c exciter 
can immediately be ruled out due to commutation and 
mechanical difficulties, then the sources of field power 
can be either vehicle battery or the alternator output. 

Use of the battery for excitation creates a considerable 
battery drain to the detriment of other equipment operat- 
ing on the same source. The adopted system uses alter- 
nator output field power. To accomplish this, some meas- 
ure of residual flux must be available in the rotor to 
initiate self-excitation by rectification of the alternator 
output. The high-carbon cast steel rotor provides this 
residual flux by means of a “flashing” procedure. With 
the introduction of the requisite residual voltage, volt- 
age build-up is comparable to that of a d-c generator. 

While their characteristics are excellent, the use of 
magnetic amplifier regulators plus any associated modifi- 
cations leads to a product that, for-many applications, 
might be considered unnecessarily expensive. To this end, 
an attempt has been made to design and build a less 
costly “regulator” which would serve the purpose in many 
applications. Strictly speaking it is not a regulator since 
it merely tends to compensate for various load conditions. 
The basic compensating network is shown in Fig. 9. The 
shunt field circuit consists of a reactor, a full wave se- 
lenium or silicon rectifier and the field of the machine. 
The circuit has been designed so that the reactor is always 
the dominant element of the circuit impedance and there- 
fore presents an impedance to the source that is essen- 
tially proportional to speed. Since the generated voltage 
at a given field current is proportional to speed there is 
at no load a fixed field current regardless of speed and 
therefore a constant ratio of generated voltage to fre- 
quency, the desired characteristic for an a-c motor supply. 
To compensate for load demagnetizing effects a current 
transformer has been placed in series with the load, the 
output of the transformer being fed back into another 
rectifier which also feeds the field. Since the armature 
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Fig. 6—D-c motor driven alternator. 
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function of load current 


and not of speed, the current transformer 


reaction is essentially a only 
circuit is ef- 
fective in maintaining the load voltage relatively constant 
at the no load point regardless of speed. The voltage regu- 
lation using this scheme has been held within 10 per 
cent for all conditions of load from no load to full load. 
cold to hot. No attempt has been made to achieve the 
performance of the 


reduction in 


characteristics magnetic amplifier, 


thus enabling a large unit cost. However. 


operating over the same frequency span as the magnetic 
amplifier, terminal voltage is still approximately linear 
and proportional to alternator speed. Response time is 
is the magnetic amplifier but still may be 
considered as quite satisfactory, and load starting capac- 
ity is excellent. The 
and the of long life selenium rectifiers makes for a 
compact, extremely durable unit. 


not as good g 


elimination of all moving contacts 
use 


(ny capacitive or magnetic circuit may be considered 
In the latter, 
aggravated by the 
of the magnetic paths. 


however. the 
level of 
\ typical example of this occurs 
during 


as a variable impedance. con- 


dition is somewhat saturation 


with a-c motor loads motor acceleration from 


zero to full speed. The impedance of the motor across 


the alternator lines, which is a function of magnetic satu- 


ration and rotor frequency, is a minimum at zero motor 
speed and increases as motor speed increases. Similarly, 
motor power factor is usually a minimum at zero motor 
speed as compared to that at full load. The combination 
of low impedance and power factor at zero motor speed 
results in severe terminal voltage dips for motor starting 
conditions. This voltage dip is very much magnified 

the MO-BIL-AC alternator which is dependent upon its 
terminal voltage for field excitation, that is, 
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motor terminals. Depending upon the inertia of the load 
to be accelerated and the motor starting impedance, the 
voltage dip can be so severe that motor acceleration 
will not occur. 

To offset this situation, some means may be incorpo- 
rated in the alternator circuit to increase its field excita- 
tion radically to offset any tendency for severe voltage 
dips. This as accomplished by the field forcing charac- 
teristics of the MO-BIL-AC motor 
results in an increase of alternator field current 
of several times the value required for full load. Even 
so, it is impractical, if not impossible, to accelerate in- 
dividual motors of ratings comparable with the rating 
of the alternator. Once accelerated to full speed, the regu- 
lator will maintain terminal voltages so that on a varying 


regulator whereby 
starting 


duty basis the motor may be operated overloaded to utilize 
maximum alternator capacity. Motor starting capacity and 
output of the alternator 
the starting duties so 


can be increased by staggering 
that a number of may 
be supplied by the alternator. The two-phase alternator 
lends itself extremely well to single-phase motors involv- 


motors 


ing two windings, one for running and the other starting, 
and characteristics of split-phase motors are improved 
considerably when operated two-phase. 

Except for compressor drives, i.e., constant torque 
drives, the speed regulation of the engine is a very promi- 
factor in the 


nent satisfactory performance of the MO- 


BIL-AC system. Where a close 60-cycle output is desir- 
able. 
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Fig. 8—No-load frequency versus speed characteristic 
and (right) load characteristics of variable 
generator with magnetic amplifier regulator. 
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Fig. 9 Generator and compensating circuit. 
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Mechanized Soldering of 
Printed Circuit Boards 


Uniform results obtained by precise control of process variables. Two equipments 


recently placed on the market are described, along with general considerations. 


Semi-Automatic Dip-Soldering Machine 


TED GATES 
ELectronic Propucts CORPORATION 
Santa Barbara, Calif. 


More UNIFORM QUALITY and higher yield can be attained 
by using semi-automatic dip-soldering machines in lieu 
of hand dipping of printed circuit boards. When printed 
or etched circuit boards are dip-soldered by hand, dwell 
time is not uniform. It is also difficult to control the 
depth to which a circuit board is dipped into the solder 
bath. 

Faced with these problems in its own manufacturing 
operations where rigid military requirements had to be 
met, Electronic Products Corporation designed a machine 
two years ago which solved these problems and at the 
same time upped the production rate. besides eliminat- 
ing hazards to employees from solder splatter. The ma- 


Pulling back the lid of 
EPC dip-soldering = ma- 
chine scrapes the surface 
of the solder to remove 
dross. When pulled back 
far enough the lid trins a 
switch to start the ma- 
chine. The cycle is com- 
pleted when the lid is re- 
closed. 
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chine proved so successful that the company began 
manufacturing dip-solder machines for others. Recently 
a new version of the EPC dip soldering machine, Fig. 
1, was developed incorporating further refinements. 

The circuit board is gripped by four spring-backed fin- 
gers, released by hand lever, and thereafter the cycle 
is automatic. The work head descends toward the bath 
at relatively high speed and then slows down. As it ap- 
proaches the bath the circuit board is tilted at an angle, 
then is flattened out with a progressive rolling motion. 
The circuit board remains in contact with the solder for 
a predetermined dwell time and is then lifted away 
from the solder at an angle. Once clear of the bath, 
the holding fixture is vibrated electromagnetically to 
remove excess solder from the work. During loading 
and unloading a lid covers the solder bath. 

Dip cycle is initiated by operation of a trip switch 












when the cover is pulled back manually. A 20-watt mo- 
tor powers the dipping action. Motor continues to run 
as long as cover is back; 








it is cut out by closing the lid. 
This action protects the operator from solder splatter. 
An unskilled operator can produce up to 120 boards 
per hour with one machine in this manner, with dwell 
time set at 12 sec. Dwell time can be set by a dial to 
any value from 0 to 57 sec 




















in 0.5-sec increments. 

The solder bath is provided with an automatic tem- 
perature regulator 
within 








which holds solder temperature to 
3 F. Heating elements range from 250 to 2000 
watts at 230 volts, depending upon bath size. The depth 
of immersion of the circuit board as well as the angle 
of approach to the solder can be adjusted. Solder baths 
are available in various sizes from 8 x 12 in. up to 15 
































x 20 in. A eutectic solder containing 64 per cent tin and 
36 per cent lead is recommended since it has the lowest 
melting point (356 F) and transforms from the liquid 
to the solid state without passing through an interme- 
diate pasty state. A 355 F eutectic solder is completely 
solid, but at 357 F it is entirely liquid. It is therefore 
obvious that it is advantageous to use solder which has 
eutectoid characteristics. 
































Successful dip-soldering requires the use of the proper 
flux which may be brushed or sprayed on, depending 
upon the type of flux used. An ideal flux would have 
the capacity to dissolve the oxides of both the solder 











































































































The “Flowsolder” machine consists of an electrically heated 
solder bath with motor-driven pump to provide stationary wave 
of fresh solder which is exposed to moving printed circuit 
boards. Control console at left includes program timer, bath 
thermostat, and ammeter, and pump motor speed control. 
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““Flowsolder” System 


and the metals to be joined. It would have a melting 
point lower than that of the solder: it would preferably 
be non-toxic and produce no offensive fumes. Residues 
should be neutral, noncorrosive, nonhygroscopic, elec- 
trically nonconductive, and readily soluble in water. 
Fluxes meeting these requirements are available from 
several sources. 

Maintenance of the correct depth of immersion must 
be precisely regulated in order to allow solder to flow 
through eyelets and to make a good solder bond on the 
top of the board as well as on the bottom without letting 
the board go too deep. If the top is covered with solder, 
components could be destroyed. Depth of immersion is 
easily controlled with machine dipping by adjusting the 
level of the solder pot with respect to the fixture which 
holds the board. In the EPC machine the range of ad- 
justment is 1-1/2 in. Adjustments are also provided for 
accurate leveling of the solder surface. 

To prevent holes from being filled with unwanted 
solder when two-sided circuit boards are used, the top 
of the board may be coated with silicone rubber or 
high temperature neoprene. When the board comes in 
contact with the solder, the rubber traps the air inside 
the holes, preventing solder from entering them. Then 
as the board emerges from the bath, the trapped air 
will free the holes of solder. 

Another technique is to allow the holes to fill with 


J. GOGAN, Technical Director 
Evectrovert Inc., New York City 


THE BASIC REQUIREMENT for dip-soldering printed cir- 
cuits is to present a clean, fluxed metal surface to molten 
solder which is free from oxides and at a correct tem- 
perature. Only the underside of the panel should come 
in contact with the molten solder—this of course, limits 
the dipping technique to flat dipping which is inherently 
more difficult than complete immersion. Dipping tem- 
perature and time must be reduced to a minimum to 
prevent heat damage to the plastics panels and com- 
ponents mounted on them—this restricts the choice of 
solder to an alloy with as low a melting point as possible. 

The “Flowsolder” unit developed by the Fry’s Metal 
Foundries Ltd. of London, England. is designed to 
eliminate the difficulties and problems involved in the 
conventional flat dip-soldering of printed circuits. This 
unit, pictured, lifts the molten solder up to the circuit 
in the form of a stationary wave. instead of lowering the 
circuit panel down to the molten solder. The circuit 
panel is passed through the crest of this wave of molten 
solder, which completes the joints between the compo- 
nent leads and the copper conductors on the underside 
of the panel. 

The solder wave is produced by pumping molten 
solder through an elongated rectangular spout by a 
motor-driven impeller pump. This produces an ideally 
shaped and smooth surfaced wave that is free from oxide. 
The width of the solder wave is 8 in.. 
cient for normal requirements; 


which is suffi- 
however. units with 10 
in. nozzles can be furnished if desired. Fresh solder is 


fed to the bath by feeder ingots: as the solder is con- 
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solder and then run the circuit board through a bath of 
Dow Corning No. 200 oil which has a flash point of 
950 F. This will melt the solder. By tapping the board 
as it is removed from the oil bath, excess solder will 
drip out. Still another technique is to plug the holes 
with a non-metallic material. If holes become filled with 
solder they must be drilled out afterwards. 

To apply solder to selected areas only, a template 
can be placed over the board with cut-out sections ap- 
pearing over areas where the board should not be 
soldered. High temperature resin is sprayed or brushed 
onto these surfaces. After the material has hardened, 
the components may be mounted and the board dipped 
in the usual manner. As long as the resin remains on 
the board, the circuitry under it will be protected from 
both oxidation and from contact with non-insulated parts. 

Bridging sometimes occurs if solder has become con- 
taminated with other metals, or if it has not been stirred 
so as to retain the desired tin-lead relationship on the 
surface. Bridging also occurs if the solder temperature 
is too low for a given dipping or dwell time or if the 
time is too fast for a given solder temperature. A good 
solder job can be expected at temperatures only 10 to 
20 deg above the eutectic melting point, provided the 
board is left in contact with the solder bath long enough 
to thoroughly heat all parts to be soldered. Due to pos- 
sible damage to parts from overheating, the solder is 


sumed the ingot is gradually lowered into the bath. The 
unit is electrically heated and the solder temperature is 
thermostatically controlled. Normal operating tempera- 
ture is 250 C. The electrical controls, including a time 
switch, are enclosed in a separate housing that may be 
installed independently of the soldering unit. 

Among the advantages over the conventional dip- 
soldering method of soldering printed circuits are: 
\. Controlled angled entry and exit by the shape of the 
solder wave. This feature. together with the washing 
action of the moving solder, prevents trapping of flux 
or air and assures sound joints. 
B. Since the panel passes through a wave of constantly 
flowing solder, a more rapid heat transfer is provided 
from solder to panel, reducing dipping time, and assur- 
ing consistently sound joints and soldering at a_ well 
defined controlled temperature. Surplus solder drains 
back into the bath so that it does not form “icicles” or 
bridges between adjacent conduits. Since the solder is 
always on the move at the right temperature, surface 
chilling is eliminated. 
C. The Flowsolder system, with the 8 in. nozzle, will 
handle panels up to 71% in. wide and up to any practical 
length. 
D. The panels move along a straight path; thus sim- 
lifying the transfer mechanism design and preventing 
break in the production flow—complete automation can 
be provided. 
E. Only a 2-in. wide strip of the panel is in contact with 
the molten solder at any given time, thus reducing warp- 
ing of the panel and heat damage to components. 

Elaborate level control to close limits is not neces- 
sary because the height of the wave is easily regulated 
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usually kept at a higher temperature so that the dwell 
time can be kept at a minimum. 

Formation of such undesirable things as small bumps 
on straight lines of copper, or long, sharp points is 
related to the angle and the speed at which the board 
enters and leaves the solder. If a short board comes in 
contact with the solder at an angle approaching 0 deg, 
air will be trapped under the board and cause bubbles 
to form. When the board is brought out of the solder 
a suction cup action is created and sharp points, bumps, 
and even bridging can result in some cases. If the angle 
is too high, the rocking action will cause the extreme 
ends of the board to be dipped but the center of the 
board will not even touch the solder. In the EPC ma- 
chine the board is removed slowly from the solder to 
permit draining off of all excess solder as it emerges, 
thus preventing lumps from forming. 

Many of the problems arising from contamination of 
the surface of the molten solder are avoided in the EPC 
machine by the automatic removal of dross by a skim- 
mer actuated by the movement of the lid. 

The EPC machine consumes 2400 watts and is designed 
for operation from a 220-volt, single-phase 
power source. The solder bath temperature will rise 
from room temperature to 650 F in 60 min and may be 
set at any 


3-wire. 


value from the beginning of the melting 
point to the maximum 650 F. JOO 


by adjusting the speed of the metal pump. The level of 
the bath is always kept constant within convenient limits 
by using a float-controlled automatic ingot feeder. This 
provides a constant supply of preheated solder to the 
bath and avoids temperature fluctuations which would 
arise from adding fresh metal at intervals. 

The basic Flowsolder unit will be manufactured in 
England but sold in the United States through the out- 
lets of Electrovert Inc., 489 Fifth Ave., New York 17. 
The electrical controls and mechanisms will be manu- 
factured and installed here by the Deselectro Company 


of New Y ork. 


Close-up view of solder wave. 
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Human Engineering Faults 
in Test Equipment Design 


A down-to-earth analysis of some com- 
monly overlooked yet serious design de- 


fects in electronic test equipment. 


ROBERT BILINSKI, Human Factors Division 
U.S. Navy E.ectronics LABoRATory 
San Diego, California 


ONE PART OF A CURRENT Navy test-equipment study con- 
ducted by the author at the U. S. Navy Electronics Lab- 
oratory has to do with the human engineering of elec- 
tronic test equipment. Many difficulties in operating and 
repairing test equipment were revealed. These difficulties 
can be traced usually to defects or deficiencies in the 
original design of equipment. Several examples are dis- 
cussed here and design improvements are suggested. 


Nuts, Screws, and Bolts 


Such items as nuts, screws, and bolts (too often over- 
looked as “insignificant”) contribute in no small meas- 
ure to the frustrations of the technician. Heavier and 
larger test equipments necessarily increase the number 
of front-panel screws. But as shown in all of the test 
equipments examined in the NEL study not all the visible 
screwheads indicate screws used for panel retention. As 
a result greater number of screws are removed than 
necessary, or the wrong screws may be taken out and the 
inner chassis drops. Nuts, screws and bolts are often lost 
when placed aside, scattered unknowingly by someone 
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else. An excess of removed fasteners aggravates this risk. 

\ few screws are actually usually sufficient for hold- 
ing the front panel in place. If by error the wrong screws 
are taken out and an inner chassis or component is dis- 
lodged, wires may be sheared and delicate parts broken. 
Some test equipments have as many as 16 screwheads 
showing on the front panel, and panel screws consequently 
are not easily distinguishable. This problem could be 
corrected through the use of color-coding, the use of 
fewer screws with the notation “panel-screw” above each, 
or by having only panel-holding screws visible. 

A minimum number of small nuts, screws, and bolts 
should be used inside test equipments since these often 
slip into the inner recesses of the equipment and are 
difficult to retrieve. The danger of shock to personnel, 
as well as of shorting out the equipment, is thereby 
increased. 

Small nuts are difficult to replace since they must be 
“started” with finger pressure. This is awkward in many 
test equipments where it is difficult to push a finger be- 
hind the nut because of restricted space. Nuts should be 
tapped in when it is necessary to use them at all. 

Screws used to hold shields in place are difficult to 
take out and replace because of space restrictions. It 
would be desirable to use some type of “slip-on” arrange- 
ment for shields which then could be locked in place 
with only one screw. 

Tube sockets are often held in place with screws whose 


an 


*\ 


Screwheads interfere with 
_- downward movement of 
|} ~ the JAN shield 
le 


Fig. 1 
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Per cent of 


heads are too large (Fig. 1), thereby interfering with Pn 
y ; technicians 


the up and down movement necessary for the removal of 


JAN shields. 


Cables, Adapters, Jacks, and Connectors 


There is a remarkable 


lack of standardization with 


respect to test-equipment cables, jacks, adapters, and con- 
nectors. This causes difficulties such as the following: 


Condition 


Cable jack is located on 


the side or rear panel of 


the test equipment. 


2. Test equipments have 


special cable require- 


Results 


1. Jack is difficult to reach if the 


equipment is used in a crowded 
area. If jack is in rear, equip- 
ment cannot be placed on its 
back panel for better viewing of 
generated information. 


2. Technicians must spend time 


rummaging through a _ collec- 


Condition 


The space allowed 
for housing the cable 


was not large enough. 


2. The cable was wound 
on its retaining posts 
(in lid) with the plug 
in a position which 


prevented lid closure. 


3. The equipment had a 
cable or lead hanging 
over lid edge. 


experiencing 


Results 


The cable was wound 
tightly and forced in- 
to its enclosure, thus 
placing a strain on the 
cable, cover, and plug 
The lid was forced 
down under pressure 
and clamps were 
snapped shut (if possi- 
ble), or the cable had 
to be rewound. 


3. The cable or lead was 


pinched by the sharp 
edge of the lid. 


difficult y* 


tt 


It is estimated that 60 per cent of test equipments are 


ments. tion of cables in order to find 

the correct one. 

3. Too many adapters. . Adapters are lost, and mis- 
placed. The more adapters 
used, the more the variation in 
readings. 

. Too many connectors. . Test equipment readings are 
influenced by connectors. Con- 
nectors become lost and “jury- 


rigging’’ becomes necessary. 
These situations could be corrected if (1) all jacks 
were placed on the front panels of test equipments; (2) 
cables and cable connectors were standardized so that 
only one or two connectors and cables would fit all test 
equipments: and (3) adapters were standardized so that 
only a minimum were needed. 


Knobs and Controls 


Operational troubles most frequently caused by knobs 
and controls are these: 


Condition 
1. Recessed knobs. l. 


Results 


Awkward to turn with large fingers. 


Recessed area collects dirt. 
2. Coaxial knobs. 2. Some technicians are initially con- 


fused as to which control does what. 
Others have difficulty turning one 
knob without also turning the other. 

3. If knob is tightened too close to the 
grommet then the rubber tends to 
“spring” the knob back after the 
technician has released it. 


3. Rubber grommet 
under knobs. 


A click arrangement should be a part of all setting 
knobs. It is too easy to incorrectly position a knob be- 
tween settings. Knob settings on oscilloscopes should be 
readable from the front panel so that the operator could 
watch both the CRT and the knobs. Particular difficulty 
is encountered when the adjustment knobs are on the sides 
of the oscilloscope. 

Use felt grommets under knobs instead of rubber; the 
felt does not cause “spring-back” of the knob. 


Cable and Lid Closure Difficulties 


The following difficulties are encountered when re- 
placing test equipment lids: 
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not being used simply because they have a reputation for 
giving cable-lid trouble. 


Lids, Latches and Rubber Feet 


Sometimes test equipment lids unnecessarily cause dif- 
ficulty. Some lids do not fit properly; others have no 
recessed bases on which they can be seated. Perhaps one 
of the most frustrating situations confronting the tech- 
nician in a hurry is to struggle with a lid that can be 
replaced only by aligning it in just one way, since the 
latches will not line up properly otherwise (Fig. 2). Most 
of these difficulties can be corrected by centering the 
latches. 


1 


—e-5) P_- 
Tf os _ Latch will not line up 
| = from this side 


Fig. 2 


Many technicians while working remove the lid com- 
pletely from their test equipment in order to conserve 
space. Replacement of the lids then is facilitated when one 
of the hinge pins is shorter at one end (Fig. 3). In this 
way, one hinge pin can be “started” into the first hinge 
and then attention shifted to getting the other hinge pin 
into its hinge. Otherwise, the technician has to line up 
both pins at the same time to replace the lid. 
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Pin shortened 
facilitates lid 

\ replacement 
™~\ 
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Latch difficulties are: 


Per cent of 
technicians 
experiencing 

difliculty * 


Condition Result 
29 


Catches reopened when equip- 3 
ments were replaced on 
shelves, thereby permitting 
moisture to enter. 


Latches were 


too loose 


Technicians used screwdriv- 
ers to open the latch, other- 
wise they were rapped across 
the knuckles when the latch 
flew open. When closing the 
equipment these latches must 
be pressured into lock posi- 
tion 

Latches slip Time was lost replacing the 
out of their re- ring 

taining holes 


(Fig. 4). 


Latches were 
too tight 
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Rubber feet often are stripped off when test equipment 
is dragged along the floor or shelf because they are 
usually attached to the equipment with only one bolt or 
through the center. Small rounded metal knobs 
probably would be more satisfactory since they are less 
likely to be torn off (Fig. 5). 


screw 


sag 


5 


Shock Hazards 

Certain design characteristics of test equipment and 
accessories expose the technician to shock hazards. Some- 
times the shock may be annoying, but at other times 
may be dangerous. There are three areas in which shock 
hazards are frequently present through improper loca- 
tion of metal parts: 

1. The metal inserts or mounting screws in supposedly 
insulated plugs. The metal insert in some cases is not 
sufficiently recessed (Fig. 6). It is often located at just 
about the point where the thumb is placed when grasping 
the plug. 


*NEL St 


Metal insert 
should be a 
recessed | 


Fig. 6 


2. Pointer knobs with metal mountings on the side at 
about the place where the finger and thumb are placed 
(Fig. 7). 


Metal mounting 
a shock 
hazard 


Fig. 7 


3. Smaller type test equipments: These are usually held 
in one hand, with the thumb placed about where the metal 
screw is located (Fig. 8). 


Felt or rubber 
grommet 


Binding Posts 
Four general difficulties are encountered with respece 
to binding posts: 


Per cent o1 
technicians 
experiencing 
difficulty * 


Condition Result 


. Some caps may be 1. Terminal caps are lost. 32 
unscrewed complete- 
ly. 

Binding posts are too 
close together. 


It is difficult to push 
wires through with the 
fingers. Wires some- 
times touch and cause 
shorts. Caps cannot be 
turned easily. 

Time is lost until a 
lead without a probe 
can be located. 


Binding posts will 
not accommodate 
test probe tips. 
Binding post holes . Wires must be curved 

are at awkward to insert them into 

angles. terminal holes. 

Essentially, the biggest problem exists when working 
space is inadequate between binding posts. The average 
distance between binding posts at present is less than 
14 in. When turning the caps of the binding posts, the 
thumb and index finger are generally used. Since the tip 
of an average man’s thumb measures about 1% in., a 
working space of at least 34 in. between the caps of the 
binding posts would allow the technician to turn them 
without hindrance (Fig. 9). OOC 


Fig. 9 a 
of , al 


| 


Recommended 
spacing betweer 
terminals 
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New Principle E 


A MINIATURE SEMICONDUCTOR COM- 
PONENT operating on a wholly new 
principle is now in the laboratory de- 
velopment stage at Raytheon Manufac- 
turing Company. Called the “Spac- 
istor”, the device combines the charac- 
teristics of the three-element vacuum 
tube and the transistor. Like a tube it 
is a high impedance device and its gain 
is similar to a tube. Like a transistor, 
it depends upon solid-state electronics 
and needs no heated cathode. 

Two major advantages are seen over 
today’s best transistors: Much higher 
frequency operation, predicted but not 
proved up to 10,000 mc; and ability to 
operate at temperatures up to 500 C, 
based on the predicted performance of 
silicon carbide as a semiconductor 
material. The latter is feasible because 
the device is practically independent 
of charge carrier “lifetime.” Present 
experimental spacistors, however, have 
been made of germanium with the 
same temperature limitations as for 
germanium transistors. 

Invented after two years of research, 
it is expected that it will take from 
three to five years of development work 
to bring the device to commercial 
availability. The research team respon- 
sible for the invention is headed by 
Dr. Hermann Statz and includes Dr. 
Robert Pucel and Conrad Lanza, phys- 
icists in the Raytheon research labora- 
tory at Waltham, Mass. 

The spacistor is designed to over- 
come the frequency limitations of the 
transistor by avoiding the slow diffu- 
sion of charge carriers 
“holes”) through the 


(electrons or 


base region. 


INJECTOR > 


Carrier motion across the base region 
of a transistor is slow because this 
region is essentially field-free. Al- 
though the base region of a diffused 
transistor has a _ built-in field, its 
strength is severely limited. 

Very much higher field strengths are 
found, however, is space-charge regions 
in reverse-biased junctions. The spac- 
istor utilizes these high fields to accel- 
erate the charge carriers so that their 
transit time is greatly shortened. 

A typical experimental spacistor is 
shown schematically and _ with its 
external circuits. The semiconductor 
body is a reverse-biased p-n junction 
with a space-charge region sc. Injector 
I (a tungsten-wire pressure contact) 
and modulator M (a gold-wire alloyed 
contact containing some p-type doping 
material) are the input points; base 
B and collector C are the output points. 

Through battery Bi, / is biased 
negatively with respect to the under- 
lying space-charge region sc, although 
point / is still positive with respect to 
point B. Electrons are emitted from / 
into sc, and the emission is space- 
charge-limited. Between ] and the n 
region of the semiconductor body, M 
is connected to sc and is biased nega- 
tively with respect to sc by means of 
battery Bo. M draws practically no 
current because holes cannot flow from 
p to sc. The potential at M is still 
positive with respect to B and J. 

Modulator M has two functions: 
First, it varies the emission of injector 
I by superimposing an a-c voltage on 
the d-c bias. The field produced by M 


penetrates throughout the space-charge 


'\¢ MODULATOR 


Jf 
re) 


mployed in ‘‘Spacistor’’ 


region to its boundaries. The second 
function of modulator M is to make 
the bias of injector J] practically in- 
dependent of the voltage applied across 
B-C (about 100 volts) so as to keep 
the output impedance desirably high— 
in excess of 30 megohms for an 
injected current of 0.3 ma. 
Transconductance g,, of present ex- 
perimental spacistors is considerably 
below that of good vacuum tubes but 
with further development it is expected 
that comparable values will be at- 
tained. A low-frequency power gain of 
70 db has already been achieved with 
experimental spacistors at low fre- 
quencies. A comparable advantage over 
transistors is expected to be realized 
at higher frequencies as well. When 
the present input of 30 megohms is 
improved, power gain will become so 
great that it will be more appropriate 
to talk about voltage gain as for a 
vacuum tube. A voltage gain of 3000 
has already been achieved. 
Output capacitance is 
small because of the wide space-charge 
region, and values smaller than 1 pf 
are entirely feasible. Even with the 
relatively low transconductance values 
obtained in present spacistors, it is 
expected that tuned amplifiers can be 
built which operate at 
corresponding to 


exceedingly 


frequencies 
approximately the 
inverse transit time through the space- 
charge regions, namely frequencies in 
excess of 1000 mc, 

Input and output are decoupled to a 
high degree as in a vacuum tube—a 
useful property in the design of multi- 


NAD 


stage circuitry. 
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Schematic diagram of “Spacistor,” with 


experimental external 
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Adjustable Heat Anticipator for Room Thermostat 


S. R. MITICK, 
Appliance Control Department 
GENERAL EvLectric Company, Morrison, Il. 


ROOM TEMPERATURE RISE AND FALL in 
response to heating system output is 
relatively sluggish, so that if control of 
a heating system is allowed to depend 
solely on the room temperature effect 
on the thermostat bimetal there is 
objectionable lag or overshoot. If, for 
instance, the room thermostat primary 
control is advanced so as to call for 
more heat, the thermostat bimetal ele- 
ment should be “informed” of this fact 
by some effect that is more immediate 
than the slowly rising room tempera- 
ture, so that the heating plant will be 
given an “Off” signal before the room 
reaches the desired temperature, that 
is, anticipation is required. 

Previously, this had been accom- 
plished in the General Electric room 
thermostats by the use of a fixed re- 
sistor in proximity to the _ bimetal, 
series connected so as to carry current 
when the thermostat contacts were 
closed. This resistor heated the air in 
the thermostat enclosure faster than 
the rise in room temperature, as de- 
sired for anticipation. 

A problem arose when these _ther- 
mostats were applied to heating equip- 
ment having different response speeds. 
Resistors having various ratings were 
used for adapting the thermostat to 
other primary burner controls. In- 
creased use of the thermostat with 
burners of various types led to a quest 
for an adjustable resistor that could 
be incorporated in the existing ther- 
mostat case without major redesign. 

A resistor range of 16:1 watts, or 
0.2 to 0.8 amp was required, and the 
unit was to be low in cost. The geom- 
etry of the bimetal strip suggested a 


Fig. 1 


— Room thermostat with cover removed, showing anticipating resistor 


scale at left above temperature setting dial. 


tubular resistor with a sliding contact. 
Since the purpose in providing an ad- 
justable resistor was to facilitate sys- 


Wotts=I°R 


Resistance 


0.3 04 05 O08 
Current,amp, and scale markings 
Fig. 2— Logarithmic current scale de- 
rived from constant watts using uniform- 
wound resistor. 


tem installation, the resistor adjust- 
ment was to have a scale calibrated in 
amperes, in terms of the existing range 
of variation among gas and oil burner 
control circuit currents. Ideally this 
scale would be linear for easier read- 
ing. Since the determining factor in 
the scale calibration was that the re- 
sistor was to dissipate equal watts at 
any scale setting, in order to achieve 
a linear scale the resistor would be 
non-linear in resistance in relation to 
length and therefore an expensive 
special unit. Since the inherent shape 
of the anticipator assembly was long 
and narrow it was decided that with 
adequate scale length available a non- 
linear scale would be acceptable, 
which permitted the use of a uniform 
linear-wound resistor. Figure 1 shows 
the thermostat with this scale clearly 


ELECTRICAL MANUFACTURING 





visible, and in Fig. 2 is indicated tne 
logarithmic current scale which derives 
from the requirement of constant watts 
at any setting, with a linear-wound re- 
sistor. 

Placement of the resistor with re- 
spect to the bimetal was also a critical 
consideration, not only from the physi- 
cal design standpoint but also for 
proper thermal effect of resistor heat 
on bimetal. Prior experience indicated 
that rapid transfer of heat from the re- 
sistor to the bimetal was desirable as 
was low total temperature rise in the 


Laboratory Shake 


EDWARD S. SHEPARD, SR. 
AIRESEARCH MANUFACTURING COMPANY 
OF ARIZONA 

Phoenix 


BECAUSE MOST SHOCK-MOUNTS of the 
resilient rubber type have a low natu- 
ral frequency of resonance, their re- 
sponse characteristics are very rich in 
harmonic content. Advantage of this 
principle was taken in the design of 
a “homemade” laboratory shake table, 
Fig. 1, by using commercial shock 
mounts as the seismic or flexure system. 
With this mounting system, oscillatory 
linear motions or forces can be de- 
veloped over a frequency range of from 
5 to 500 cps. Furthermore, vibrations 
having relatively small amplitudes may 
be induced into small objects being 
tested for vibration at their natural 
resonant frequency. It is also possible 
to induce vibration modes in light 
weight objects at much higher fre- 
quencies in the region of 10.000 to 
12.000 cps. 

The shaker shown is a laboratory 
type device that can be mounted on 
the work bench for testing accelerom- 
eters, or to induce vibratory modes 
into small structures or assemblies. 
Its small physical size (6.5 x 6.5 x 8 
in.) makes it ideal as a portable test 
unit. It can even be used as a com- 
ponent in a servomechanism. 

In this shaker, the vibratory force 
is derived from an alternating current 
passed through a cylindrical moving 
coil supported in a radial magnetic 
field as indicated in the cross-sectional 
view, Fig. 2. The radial flux is pro- 
duced by means of a 12-volt d-c coil 
which excites the  pot-shaped field 
structure. The moving armature coil 
is supported in the annular field gap 
by means of the shock-mount flexure 
system. The forces generated by the 
coil are transmitted to a table or 
platform on which test 
may be mounted. 

The explicit nature of the conver- 


specimens 
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bimetai over long periods of operation, 
since the control point of the thermo- 
stat is lower if on cold days a long 
running period of the heating system 
causes excessive temperature rise in 
the bimetal. To meet both thermal re- 
quirements, that is rapid heat transfer 
to the bimetal with low bimetal tem- 
perature rise, it was found that the 
heat transfer should be largely by 
conduction rather than by radiation 
and convection. This led to locating 
the anticipating resistor in the long nar- 
row space between the bimetal and 


Fig. 1—Electrodynamic transducer in 


form of shake table. 


sion allows the shaker to be treated 
as an electromechanical transformer. 
Figure 3 shows the equivalent circuit. 
Qualitative curves will show that the 
impedance of the shaker varies widely 
both in magnitude and phase for a 
given mechanical load as the frequency 
is varied. Similarly, at the same fre- 
quency the impedance of the shaker 
varies over a wide range both in mag- 
nitude and phase. 

The shaker illustrated has the fol- 
lowing characteristics: 

Displacement; + 1% in. at 2-90 eps. 
Field coil power required; 12 
volts d-c at 3 amp 
Drive power; 35 watts for 2-lb 
load 
Moving coil impedance; 50 ohms 
at 30 cps 

Damping of the system is provided 
by the restraining system, and the 
high damping coefficient of the rubber 
shock mounts. 

In the construction of this shaker. 
the weight of the armature or moving 
coil system has been reduced to a 
minimum without sacrificing rigidity: 


the thermostat cover wall, contained in 
a metal channel which provided a sur- 
face for the resistor slider and the 
scale markings. By attaching this 
channel directly to the fixed end of the 
bimetal, with its open side facing the 
bimetal, heat transfer is provided by 
direct conduction and by radiation. The 
result is minimum total temperature 
rise of the bimetal element and also 
the rate of heat transfer is such that 
proper heat anticipation is obtained. 
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Table Does Double Duty 





2/b. metal cased shock-mounts 
th rubber flexures, one on each 


srner of bas 
rneé bose. 


Fig. 2—Electrodynamic shake table 
utilizes rubber shock mounts for seismi 


system. 


Fig. 3—Equivalent circuit for an electro- 
mechanical system. The load is shown 
here for simplicity as a pure resistance. 


Meter ng 


valve 


Fig. 4—Electropneumatic servo system 
utilizing electromechanical transducer. 
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another feature is the linear motion of 
the armature moving coil provided by 
this type of flexure system. 

An additional application of a small 
electromechanical transducer of this 


type is as a device in a closed-loop 


high-gain servomechanism which pro- 
vides a pneumatic pressure signal pro- 
portional to an_ electrical input 
signal. As shown in Fig. 4, the input 
signal Ein is applied to a comparison 
circuit together with a feedback 


voltage E;. The resulting output voh- 
age E. is applied to a power ampli- 
fier which drives the transducer to vary 
an air metering valve. The transducer 
may thus be used to provide linear or 
non-linear motien depending on the 
waveshape of the driving voltage. 


A Shortcut to Producing Printed Conductor Boards 


EDWARD E. BOND, JOHN E. BUTCHER 
and ROBERT F. CASKIE, JR. 
LABORATORY FOR ELECTRONICS, INC. 
Boston, Mass. 


REGARDLESS OF THE METHOD chosen for 
the preparation of art work for printed 
wiring, this step is followed by a photo- 
graphic process, requiring camera set- 
up time, developing time, and possible 
retouching of the film negative. 

In most cases, the conductor pattern 
of a circuit is taken from a layout and 
enlarged several times. The layout is 
made with black ink or tape on either 
glass cloth or some board material. 
Either method is time consuming and 
requires drafting skill to insure proper 
location of terminal points on two-sided 
boards. Also, should a _ subsequent 
change be made to the electrical cir- 
cuitry, it is only too easy to make an 
error, as the two sides of the board are 
two physically separated 
pieces of material and not all points 
appear on both sides of the board, re- 
quiring proper interpretation on part of 
the draftsman. 

The art work preparation method to 
be described has been developed and 
successfully used to reduce errors and 
speed up the entire process. 

Layout. First, a layout of the board is 
drawn on a sheet of vellum using con- 


located on 


ventional pencil line, showing all con- 
ductors in their proper width and the 
components to scale. The conductors 


1—Printed circuit pencil layout. 


located on the side of the components 
are represented by solid lines, and those 
located on the opposite side by dotted 
(invisible) lines as shown in Fig. 1. 

Master Drawing. Forward and reverse 
prints of the layout (Fig. 2) are ob- 
tained on Texray-Foil, type KBLM 
(available from Tecnifax Corp., Holy- 
oke, Mass.) by running the layout 
through an Ozalid machine at speed 4. 
The advantages of this foil are that the 
lines produced in this manner are non- 
reproducible in the Ozalid machine, 
although the entire layout is visible on 
the foil. 

Conductors and terminals points 
(bosses) appearing on the side opposite 
the components are added to the reverse 
print by the application of dull black 
acetate fiber tape in the proper widths 
within the outlines of the conductors 
and terminal circles at all line termina- 
tions (this material is available from 
W. H. Brady Co., Milwaukee, Wis.). 
Next, the outlines of the board are 
added in india ink, together with center- 
lines representing mounting holes, and 
even electrical reference numbers. 

The completed reverse print is then 
placed on a sheet of white paper or a 
light table with the tape pattern facing 
down. The forward print is placed on 
top in such a manner that the compos- 
ite picture represents the actual board. 
Bosses are added at all feed-through 
points to insure lineup. Conductors ap- 


Fig. 2 


pearing on the component side of the 
board may then be applied in the 
manner previously described. 

The two prints are subsequently 
taped together with the identical edges 
adjacent, making a composite master 
drawing. 

Due to the fact that all points of the 
circuitry are visible in these prints, 
electrical short-circuits due to mis- 
placement of leads can be avoided. 

The Film Negative. The completed 
master drawing is next run through 
the Ozalid machine at speed 4, and a 
print obtained on Ozalid Reversal Foil, 
type 503LCR (Fig. 3). All blue lines 
appearing on the Texray Foil disap- 
pear, and only the desired circuit pat- 
tern remains. The foil must then be 
given a 20-sec wash in lukewarm water 
to remove any residual sensitizing mate- 
rial. The Reversal Foil takes the place 
of the conventional film negative, as the 
orange lines are opaque to light. This 
special negative, not requiring any re- 
touching, then may be placed on the 
sensitized copper laminated board in 
the conventional manner and exposed 
to light preparatory to the etching 
process. Due to the nature of the film, 
better results can be obtained by a 
somewhat shorter than conventional ex- 
posure time, resulting in additional 
savings in time and cost. 

Should a film positive be required 
(such as used for silk-screening), the 


Forward and reverse prints of circuit layout on Texray-Foil. 
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master drawing may be run through 
the Ozalid machine at speed 4 to pro- 
duce a positive (left in Fig. 3) 
directly on Tecnichrome Black, type 
KBKHM. This material is also avail- 
able from the Technifax Corp. Of 
course, should for any reason a black- 
and-white film negative be required, the 
Ozalid Reversal Foil could be run 
through the Ozalid machine and such 
a negative obtained in Tecnichrome 
Black, simply by making a_ positive 
print of the negative. 

The dimensional stability of the foils 
is as good as that of any other film. 
However, this single-scale approach is 
not recommended for especially critical 


configurations, such as commutator 


disks, Faraday shields and the like, 
which still require the use of enlarged 


master drawings. The approach is use- 
ful, however, for most other applica- 
tions, 

Other processes, such as the prepara- 
tion of multilith plates, are adaptable 
to this approach. OO 


Fig. 3—At right is master film negative on Ozalid Reversal Foil. Overlay at left 


is film positive on Technichrome Black. 


Ceramic Relay Has Contacts in Vacuum 


JAMES DANIELS and 

LEWIS B. STEWARD 

Jennincs Rapio MAnuracturine Corp. 
San Jose, Calif. 


FoR SOME YEARS, Jennings Radio has 
manufactured a broad line of glass- 
enclosed vacuum relays for power and 
radio frequency switching in a wide 
variety of airborne and ground com- 
munication equipment. The more difh- 
cult size and environmental require- 
ments in the missiles field have now 
led to the design of a small, extremely 
rugged relay employing a_ stacked 
ceramic housing, Fig. 1. 
The initial objective was a relay 
that would handle “dry circuits” which 


are more prone to contact failure than 


Fig. 1—The Jennings ceramic vacuum 
relay in single-pole double-throw form. 
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those which carry heavy currents. Dry 
circuit difficulties are contact resist- 
ance changes resulting from contact 
contamination by film and by dirt or 
foreign matter particles. Vacuum re- 
lays minimize these difficulties because 
of the high degree of evacuation of 
particles and gases required to achieve 
adequate insulating vacuum. 

There’ are numerous advantages in 
enclosing relay contacts in a vacuum. 
As an insulator, vacuum is far superior 
to air or gas: the dielectric strength 
of vacuum compared to air is in the 
ratio of 30:1. 
between 


In vacuum the spacing 
therefore be 
reduced permitting the use of smaller, 


contacts may 


more efficient actuating mechanisms. 


The most important advantages of 


Plastic protected 
tip-off, 


Evacuated contact 
enclosure 


Contact terminals 


Stacked ceramic 
housing 


Fig. 2—Details of ceramic relay construction. 


vacuum insulation are that there is less 
burning of contacts because of lower 
faster 
extinction and rapid dielectric strength 
recovery. 


voltage drop across the are. 
Generally in relays with 
hermetic seals the contacts are en- 
closed in an inert gas, and materials 
capable of causing contact contamina- 
tion are often sealed into the contact 
enclosure. The vacuum relay differs in 
that all materials contained must be 
able to withstand high temperature 
processing and this limitation excludes 
volatile substances and their tendency 
to contaminate contacts with high re- 
sistance deposits. 

The ceramic relays now in produc- 
tion will handle dry circuits as well as 
power up to 25 amp continuously with 


Inmagnetic seal 


| terminals 
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rig. 3—Ceramic relay with cap removed 
to show contact arrangement (enlarged) . 


a 40 C temperature rise. The contact 
resistance, less than 0.01 ohm, will not 
change during storage or use and the 
insulation resistance between terminals 
exceeds 10,000 megohms. Tests on 
sample relays indicate voltage ratings 
of 2000 volts 60 cycles, between ter- 
minals and 3000 volts between poles. 
Test relays have successfully operated 
100,000 times with 28 volts d-c 10 amp 
resistive load, 1,600,000 times with 
300-volt d-c 144-amp resistive load and 
3.233.000 operations with 115-volts d-c 
0.04-amp inductive load. No contact 
chatter is encountered during vibration 
of 0.15 in. double amplitude excursion 
from 5 to 55 eps and 30 g of shock 
for 11 millisec. Contact bounce is less 
than 0.1 millisec. The relay may be 
mounted in any plane. 

The relay is actuated by a solenoid 


which is not within the vacuum cham- 
ber. A spring-restrained disk-shaped 
armature operates the moving contacts 
through an assembly of ceramic spacers 
and metal spiders which are the move- 
able contacts, Fig. 2 and 3. The 
operate and release time is the same, 
20 millisec. The relays are currently 
produced with coils for 26.5 and 115 
volts d-c, in single-pole double-throw 
and four-pole double-throw forms. The 
single-pole version is 24% in. long and 
134 in. diam. with a weight of 4.6 oz; 
the larger relay is the same diameter 
but 234 in. long, weighing 5.2 oz. 
Power consumption is 2 watts. The 
standard relay coil is rated for opera- 
tion in ambients of —65 C to 125 C; 
a high temperature coil is available for 
operation in an ambient up to 175 C. 

O00 


Molded Slip-Rings in British Instruments 


WALTER SEKULES, London, England 
PRECISION ENGINEERING PRODUCTION 
METHODS have been combined with 
injection-molding techniques by an 
English instrument manufacturer, Kel- 
vin & Hughes Ltd., to produce quickly 
and accurately small slip-rings and 
brushes. Developed initially for use 
with this company’s gyroscopes, the 
new slip-rings and brushes are now 
available to other manufacturers. 

The common method for producing 
these parts is to form the shape re- 
quired from an insulating material, 
treat the conducting surfaces with a 
suitable material, usually graphite, and 
then building up the conducting surface 
in an electroplating bath. This method 
had three disadvantages from a produc- 
tion point of view. First, the choice of 
conducting materials which could be 
electrodeposited on the insulator was 
limited. Second, homogeneity and ad- 
hesion of the plated metal to the insula- 
tor was difficult to guarantee, and, 
third, it was difficult to attach lead-out 
wires to the inside of the conducting 
surtace 

Another method is to build up the 
slip-rings assemblies by locking to- 
gether the conducting rings and insulat- 
ing spacers. The chief disadvantage of 
this method is that it requires great 
skill during assembly. 

Since none of the normal methods 
was considered satisfactory by Kelvin 
& Hughes Ltd. engineers, they set out 
to develop entirely new production 
wanted to produce 
rings machined from rod and to be 
free to select any suitable alloy. These 
considerations led to the development 
of an injection-molding technique to 
meet the requirements and to give a 


processes, They 
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fast rate of production with semiskilled 
labor. 

Physical demands were for ring as- 
semblies with from 1 to 22 lead-out 
wires. Ring diameters had to be as 
small as possible in order to keep the 
frictional torque low. Brush assemblies 
were also required and took the form 
of wires of noble metal alloy in “hair- 
pin” form. The brushes are first assem- 
bled in a mold-type jig and the plastics 
compound injected to form a base and 
to lock the wires in position. 

Finally three standard diameters 
were chosen: 0.10 in. for assemblies 
with up to 6 rings; 0.162 in. for up to 
12 rings and 0.20 in. for assemblies 
with up to 22 rings. A typical problem 
was to pass, say, 6 wires through the 
middle of a slip-ring measuring 0.1 in. 
in diam and still be able to flash-test 
the complete assembly at 1000 volts 
for working at 250 volts. The use of 
thermoplastics helped to solve this in- 
sulating problem. 


Injection molding nylon into a slip-ring 
mold at Kelvin & Hughes, Ltd. in Eng- 


land. 


The production cycle of a slip-ring 
assembly is, briefly, as follows. Rings 
are machined from copper-palladium 
rod and then the wires are soldered to 
the inside of the rings. Next, the wires 
are threaded through the adjoining 
rings and the whole assembly is fitted 
into a steel jig that holds the rings in 
position and forms a mold for the plas- 
tic. Polystyrene or nylon is then in- 
jected into this mold to form shoulders 
between the rings and an insulating 
layer between the wires. 

Several problems had to be overcome 
before this method reached a produc- 
tion stage. First, was largely the me- 
chanical one of manufacturing molds 
that were accurate enough to hold the 
rings in position without distorting 
them and to prevent them being moved 
by the flow of the plastic. Next the 
surface-treatment of the lead-out wires 
needed careful consideration. Because 
of the small inside diameter of the 
rings, enamel-coated wires had to be 


An example of the injection-molded 
miniature slip-ring system. 
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SILICONE RUBBER 
Tubing and Sleeving 


4 Ways Better... 


Gurguas 


WON’T CRACK, PEEL 
OR CRAZE 


GREATER FLEXIBILITY 


THERMAL PROPERTIES: 

Heat aging: 1000 hrs. at 250°C 
without appreciable change in 
physical or dielectric properties. 


FLAMMABILITY : 


Self-extinguishing, when tested 
in accordance with ASTM and 
NEMA procedures. (NEMA Ac- 
ceptance Test). 


ABRASION RESISTANCE: 


Durable and extra tough. With- 
stands unusual rough handling 
at all times. 


CHEMICAL INERTNESS: 


Has good resistance to all oils, 
alcohols, dilute acids and al- 
kalis. Fine water resistant 
qualities. 


Twist, bend, wrap or knot it and this tubing remains pliable 
and efficient, even under the most severe operating con- 
ditions. Send for free samples today. 


Lisulation 


fsp ECIALISTS 
Rome, N. Y. 
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GREATLY 
ENLARGED 
end of Varglas Sili- 
cone Rubber Tubing 
shows design that 
permits knotting, 
bending and twist- 
ing to meet extremes 
of temperature while 
retaining its dielec- 
tric strength. 


FLEXIBILITY: 


Unaffected throughout life of 
tubing. Stays flexible from 
minus 90° F. to plus 600° F. 


FUNGUS RESISTANCE: 


Inert. No fungus growth was 
visible at 40 x magnification 
after 28 days incubation under 
“ideal” surroundings. 


VARFLEX SALES CO., INC. 
309 N. Jay St., Rome, N. Y. 


Please send me sample with Bulletin and Prices 


I cect een 
Title 


Company 





Street 
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used. These wires had then to be accu- 
rately spaced inside the rings so that 
the injected plastic compound would 
form an insulating wall between them. 

Another difficulty which had to be 
overcome was to discover the best posi- 
tion from which to inject the plastics 
compound into the mold. Injection from 
a point on the circumference of the 
assembly was found to push the lead- 
out wires out of place with a conse- 
quent danger of short circuiting inside 
the assembly. After experimentation it 
was found that the best method was to 
inject the plastics compound from one 
end, along the longitudinal axis. The 
material then flowed round the wires 
without displacing them and_ locked 
them into position. 

The cross-sectional form of the rings 
was also the subject of some experi- 
mentation. At first a section with slop- 
ing sides and with a radius at the 
bottom—similar in form to a Whit- 
worth thread—was tried but it was 
found that the hair-pin type brush 
tended to ride up the slope and start 
to cut into the plastic separation be- 
tween the rings. After some close work 


Be 


Operator inserts the “hair-pin” type 
brushes in jig first before molding a 
base. Top half of jig is in front of oper- 
ator. 


on this problem it was found that a 
section with sloping sides and a flat 
root overcame the earlier difficulties. 

When slip-rings were first manufac- 
tured, polystyrene met all known oper- 
ating requirements. As _ work pro- 
gressed the upper temperature limit 
increased and it was found that once 
local temperatures reached about 130 
F the polystyrene began to soften and 
the slip-ring assemblies distorted. 


Injection-molded brush. Pins have to be 
straightened by hand after molding since 
no mechanical means are suitable. 


A nylon molding compound was then 
selected for slip-rings required to work 
at the higher temperature and this has 
proved to be entirely satisfactory. The 
introduction of nylon did however de- 
mand a good deal of fresh work on 
molding techniques. Nylon’s character- 
istic of a short molding temperature 
range called for very close control of 
the injection cylinder and mold temper- 
atures. O00 


Fresh Design Marks New Motor Starters 


SUBSTANTIAL SIZE REDUCTION and quick 
disassembly without tools are among 
the features of the new NEMA Size 0 
and 1 magnetic motor starters devel- 
oped by General Electric Company, 
Schenectady 5 N. Y. Rapid servicing 
is obtained by using a “snap-slide” 
Principal components 
simply snap or slide together for quick 


construction. 


inspection and maintenance, and con- 
tacts can be inspected in seconds, with- 
out using tools. A carbon steel spring 
clip connects the magnet armature to 
the contact actuator arm. Upon removal 
of this one clip, the magnet, coil, arc 
chute cover and moving contact arm 
can all be separated for inspection or 
any necessary service. 

Another feature is means for adjust- 
ment of the heater coils on the overload 
relays to meet particular application 
requirements. By turning a knob on 
each of the two overload relays, the 
overload trip setting can be adjusted 
up to +15 percent of nominal heater 
rating. 

Size reduction has been obtained by 
radically new part geometry, princi- 
pally in the magnetic structure, which 
is an “E-I” arrangement. The contact 
actuator plunger, which is molded 
melamine, passes through a rectangular 
opening in the center leg of the magnet 
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New motor starter is 42 per cent smaller 
in area than previous open forms. By 
turning a knob on each of two overload 
relays, the trip setting can be adjusted 
up to + 15 per cent of nominal heater 
rating. 


“E” which is surrounded by an encap- 
sulated “strongbox” coil. This coil is 
wound on a flock-filled phenolic bobbin 
and then sealed with a polyester glass 
compound. The “start” lead wire is 
Mylar insulated, and both coil external 
connections are snap-on. 


The new starters can be mounted in 
any position and a screwdriver is the 
only tool necessary for installation. 
All wiring on the magnetic starters, 
including on interlocks and overload 
relays, can be done from in front of 
the unit. Even though the starters are 
smaller than previous units, the new 
enclosure has 32 per cent more wiring 
space, and _ straight-through 
speeds installation. 

Dust collection on contact surfaces 
is minimized by the use of new angle 
contacts in the form of a split wedge 
with each half at 45 deg to vertical. 
The wedge shape gives higher contact 
tip pressure and together with the hor- 
izontal closing motion reduces bounce 
and lessens the chance of contact weld- 


wiring 


ing. according to company engineers. 
Contacts are spring backed to assure 
self-alignment. 

A machined air gap, low magnetic 
flux density and smaller size of the 
new magnet contribute to positive 
drop-out for the life of the starters. 
Design of the magnet and its surround- 
ing sound-absorbent material help 
maintain quiet operation. The magnet 
is not bolted down, avoiding warping 
which may cause misalignment and 
noise. The magnetic circuit has been 
designed to operate at lower flux den- 
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for Better. Contool 
of MOTOR and 
HEATER units 


Ze GUARDIAN 
yy POWERLOID 


Designed by Guardian—this new POWERLOID offers definite 
advantages which are far ahead of anything being offered for the electro- 
magnetic control of motors (tested for 230 v., A.C. loads, up to 3 H.P.) 
and heater units (up to 8400 watts). Rugged, totally enclosed . . . low priced! 


CONTACTS: S.P.S.T. dual make, or S.P.S.T. dual break; or with S.P.D.T. dual make 

and dual break. Also, with S.P.S.T. dual make, or S.P.S.T. dual break utilizing an auxiliary 

switch on the outside of switch housing. COILS: standard voltages up to 230 v., A.C., 

60 cycles and up to 110 v., D.C. CONTACT TERMINALS: 8-32” x %” Screw Type; 

Spade Coil terminals, .032” x .250” tabs designed for A.M.P. female receptacles. Assigned 

CONTACT RATINGS: 3 H.P. U/L motor load at 230 v., 60 cycles—6000 watt resistive 
load—500 watt Tungsten Lamp load. 


*An electromagnetic switch actuated by a solenoid plunger. SPECIFIED 
032" x .250° 


TERMINAL TABS 8-32% 
a = 
. 


Oo | TERM SCREWS| FT” , 
7 |. \ WASHING MACHINES 
21s : . DRYERS (High Speed) 


AIR CONDITIONING 


i Lil\™® EQUIPMENT 
a nous] . | SS : REFRIGERATION 
tom” i r—1.089" 
eta — my Enso LaF mae — EQUIPMENT 
> . a BATTERY CHARGERS 
The Guardian RELOID, an electromagnetic switch actuated BUILT-IN AND 
by a plunger, is rapidly becoming the accepted standard by ELECTRONIC OVENS 
leading manufacturers of electrical home appliances, vending 
machines and similarly powered units. Totally enclosed in a ae ee 
sturdy metal case, Guardian RELOIDS are resistant to 


moisture, dusts and impacts. Special version carries U/L oy ly 
ny 


7Ae GUARDIAN 
RELOID* 


approval as a % H.P. Industrial Motor Starter. plus 


li ati 
Arrange for delivery of Production Samples and Applications 
quotations on Guardian POWERLOIDS and RELOWDS. 


GUARDIAN ELECTRIC 


16273 W. WALNUT STREET CHICAGO 12, ILLINOIS 
‘‘Everything Under Control’’ 
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sity and required ampere-turns. The use 
of control transformers with 47 per 
cent lower ratings than for previous 
comparable motor starters is possible. 

Contacts can be changed from nor- 


we 


Enclosure for the new General Electric 
line of motor starters has 32 per cent 
more wiring space than former units. 
Removable sides provide even more 
room for installation, inspection and 
service. 


CARLTON P. WERNER, Chief Engineer 
JertRon Propucts, Hanover, New Jersey 


UNIQUE SOCKET DESIGN PROBLEMS were 
imposed by the development of a 
ceramic-titanium high-mu triode of 
parallel plane construction by the 
General Electric Company. Designated 
as Type 6BY4, the tube is designed 
particularly for radio amplifier service 
in combined uhf-vhf television tuners. 
There are no pins for insertion into a 


mally open to normally closed without 
additional parts. A push button or se- 
lector switch, overload relay up to 
three auxiliary contacts or a differently 
rated coil can be added within the 
same enclosure, and fuse clips are 
available for combination forms. Mod- 
ification kits are available for mounting 
an indicating light in the enclosure 


cover, for adding an auxiliary pole, and 
for the use of the new starters in place 
of existing older types. 

Designed to new NEMA ratings, the 
units are available in Size O rated up 
to 5 hp at 440 volts and Size 1 rated 
for 10 hp at 440 volts, and in contactor, 
non-reversing, combination, 
and multi-speed forms. 


reversing 
OoOoOO°O 


Contacts are readily inspected without the use of tools. After the coil terminal clamps 
have been removed, the magnet, coil, arc chute cover and movable contact arm may 
be detached as one assembly for inspection. 


Socket for Ceramic UHF Triode 


conventional socket, and the tube is 
truly microminiature, measuring ap- 
proximately %¢ in. diam by %¢ in. long. 
Cathode, grid and anode tube connec- 
tions are in the form of narrow rings 
smaller in diameter than the ceramic 
separators, and the heater contacts are 
two 0.090 in. diam buttons located at 
one end of the cylindrical tube. 

The new Jettron socket for the 6BY4 
tube was designed with a minimum of 
engineering compromises in view of 


the apparently impossible array of 
requirements for optimum performance 
in uhf circuits. In high gain, narrow 
bandpass grounded-grid applications, 
contact is desirable over the entire 
periphery of the grid ring. At ultra- 
high frequencies, socket inductances, 
capacitances and losses must be low. 
The input should be shielded from the 
output, and the shielding should extend 
both above and below the chassis 
plane. Tube insertion and removal 


Grounded-grid socket for G-E 6BY4 microminiature ceramic tube has maximum dimensions of % in. x 2'42 in. for the alkyd base. 
The upper beryllium-copper shield (left) is wedged between the fixed lower shields as indicated in assembly at right. 
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@ Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 

e@ Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 


@ Time delay characteristics are fixed and tamper- 
proof. 


e Adlake Relays are quiet, chatterless and require no 
maintenance whatever. 


If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 


relays blake) te Adams & Westlake company 
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new york ELKHART, INDIANA CHICAGO 


original and largest munufacturers of plunger-type relays 
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should be convenient, but not at the 
expense of socket performance. The 
insulation must have a melting point 
above 300 F and also exhibit low 
dielectric loss and dielectric constant, 
and high impact strength. A further 
requirement was that the design was to 
use as many parts as possible in com- 
mon with existing socket designs to 
minimize tooling and manufacturing 
costs. 

As indicated in the photographs, the 
grid contact and shielding means con- 
sists of a removable upper and a fixed 
lower shield to permit facile tube 
removal. This construction approaches 
the optimum in contact embrace as it 
extends almost around the entire tube 
periphery. The fixed lower shield is a 
sandwich of beryllium copper stamp- 
ings in which the two thin outer mem- 
bers act as a shield and also align the 
upper shield. The thicker center piece 
makes over 200 deg of wrap-around 
contact with the tube grid element. 
This entire contact and shield assembly 
floats in the socket base to assure 
contact and to allow for tube diameter 
variations. The cathode and anode con- 
tacts are also floating in the base, and 
the area of these contacts which lies 
in a plane parallel to the grid contact 
is minimized for low capacitance be- 
tween cathode and grid, and between 
grid and anode. These contacts are 
blanked out of flat stock, and by a 
shaving operation a square cut contact 
edge is made. The shape of all three 
contacts provides a large area, low 
inductance contact and a tube locking 
action to prevent the tube from becom- 
ing dislodged by shock or vibration. 
The heater button contacts make con- 
tact with the heater of the tube and 
they also prevent the tube from being 
inserted in a wrong position, which 
could short circuit the heater contacts. 


This is accomplished by offsets in both 
heater contacts which prevent the tube 
from being inserted unless the heater 
buttons are in a horizontal position. 

The first requisite for the base ma- 
terial was that it be molded by con- 
ventional techniques in order that the 
socket might be mass produced at a 
reasonable cost. In addition to the 
normal requirements of a good insula- 
tor such as high dielectric strength and 
low moisture absorption, uhf circuit 
applications demanded consideration of 
dielectric constant, dissipation factor, 
loss factor, distortion temperature and 
impact strength. Although no material 
under consideration was outstanding 
in all the most important requisites, 
for temperatures up to 350 to 400 F 
Alkyd 446 was selected as the best. 

The material selected for all the 
contact members was beryllium cop- 
per. which is easily blanked from 
quarter- or half-hard strip and may 
easily be precipitation hardened to give 
the contacts the desired spring quali- 
ties. The contacts are heavy silver 
plated to meet military specifications 
and to increase surface conductivity 
for radio frequencies. 

In some uhf circuits the grid contact 
is connected directly to ground. In this 
case the socket may be located on the 
chassis directly over an _ interstage 
barrier and the grid shield soldered 
directly to the barrier. Where the grid 
is to be grounded through a pass 
capacitor the latter may be connected 
from the grid shield to ground, or by 
extending the area of the grid shield 
with an auxiliary plate the shield may 
be used as the center member of a 
capacitor built into the chassis. In 
either case the socket provides excel- 
lent isolation of input from output. 

On the grounded-grid socket, the 
capacitances as measured were 0.87 
mmf from cathode to grid and from 
plate to grid, and 0.020 mmf from 
heater and cathode to plate. OOO 


Mountep IN Tappan Stove Company’s NEw 42-in. divided top surface range unit 
is the NuTone Food Center, with food mixer, liquid blender and knife sharpener 
for plugging into inset power unit. Previous to this design, both units required 
separate installation, necessitating two cut-outs in counter tops and separate wir- 
ing. The food center speed dial is recessed in the top of the surface unit, allowing 
the homemaker full use of the additional working area when the unit is not in use. 
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Logarithmetic 
Conversion 
Scale For Time 


RUDOLF F. GRAF 
Spracue Exectric Co., New York 


LIFE OR OPERATING TIME of components 
and equipment is usually given in 
hours. In order for the circuit or equip- 
ment designer to visualize such informa- 
tion more easily, this logarithmic chart 
has been prepared, converting hours 
into days and years. 


Years 
(365-day) 


Hours Doys 
(24-hr) 
100 4.16 


150 6.25 


625 


833 


1,250 


1,666 


2,083 


2,500 
2,916 


3,333 
3,750 
4,166 


6,250 17.1 
8,333 228 
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Fairbanks-Morse Printomatics use BODINE MOTORS 


because ...‘“THEY ARE COMPACT, 


WITHSTAND YEARS OF HARD USAGE”’ 


Bodine Type NSI-12R reducer motor 


ns at truck wei 
industry 


n all Fairbanks-Mor 


Equipped with the Printomatic, this modern Fairbanks-Morse 
Scale combines precision performance with dependable and con- 
venient recording. Printomatic units can be furnished with press 
keys to identify source of material, dates, quantities, payment, 
and other desired information at the time of weighing. 


Mr. H. M. Goodchild, 

chief engineer, 

Fairbanks, Morse & Co., 

St. Johnsbury Works, gives the 
reasons they have standardized 
on Bodine Motors for all 

of their Printomatics. .. 


"For over twenty years, Bodine 
Motors have been standard on all 
Fairbanks—Morse Printomatics. This 
precision equipment calls fora 
motor of small size that will stand 
up during years of hard usage 

under adverse conditions. Often 
operated thousands of times a day, 
month after month, Bodine motors 
continue to give satisfaction with 
little or no service." 


Be sure your motor is as good as your product. For information con- 


tact Bodine Electric Company, 2256 West Ohio St., Chicago 12, Ill. 


BODINE 


fractional / 
/ horsepower 
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Bodine manufactures fractional horsepower electric motors for: 


adding machines, letter openers, sanders, vending machines, 
exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 

respirators, voltage regulators, X-ray timers, traffic signal timers, 
stirrers, calculating machines, envelope sealers, and for 

many other applications. 
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New Components 
and Materials 


A staff compilation of the latest developments . . . screened for design-in 
use in electrically operated end products . 
specifications and available application data. 


. complete with all released 


MANUAL MOTOR STARTER FOR SINGLE-PHASE MOTORS USES PLUG-IN HEATER 


Manual motor starter with a plug-in 
heater that can be inserted in a matter 
of seconds into the front of the unit, 
has been developed for use with such 
equipment as grinders, conveyors, hy- 
draulic presses, blowers, and mixers. 

Designed for’ use with single-phase 
fractional-horsepower motors up to 1 


hp, the starter is smaller than the 


model it replaces. The plug-in heater. 
keyed so that it cannot be inserted the 
wrong way, can be installed without the 
use of screws. 

Wiring time has been reduced to a 
minimum with a new terminal design. 
After the wire has been stripped, it is 
inserted in the pressure-type terminal 
receptacle and the screw is tightened a 
half turn from the front. 

The new terminal design eliminates 
awkward looping of the wires around 
the terminals, thus avoiding exposure 
of bare wires. Incoming leads at the 
top of the enclosure and outgoing leads 
at the bottom provide straight through 
wiring. Terminals are clearly identified. 

Overload protection is provided by a 


STARTING WINDING SWITCH 
The SYNCRO-SNAP centrifugal 


switch has been incorporated into a 
die-cast cooling fan to result in a 
“single-piece” component accomplish- 
ing both the cooling and starting wind- 
ing cut-out functions required in single 
phase motors. 
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bimetallic thermal mechanism that 
automatically opens the contacts when 
an overload occurs, removing the motor 
from the line. The plug-in heater simu- 
lates the motor’s temperature and 
causes a bimetallic strip to bend. The 
strip is designed not to trip the mecha- 
nism on momentary overloads, such as 
starting currents, but is said to guard 
the motor against even small persistent 
overloads. 


A new indicating light form with 
a neon light in its cover is the same 
size standard forms. Other forms avail- 
able include flush-mounted types, with 
or without indicating light, and com- 
binations of a starter and hand-off- 
automatic selector switch or another 
starter. Enclosures include general 
purpose, dust- and watertight, and 
explosion proof. A guard that can be 
padlocked in the on or off position is 
also available. General Electric Co., 
General Purpose Control Dept., Sche- 
nectady 5, N. Y. 
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INTO ONE UNIT 


In addition, it is useful in any situa- 
tion where cooling is required in 
conjunction with speed detection. 

This new combination com- 
ponent, designated the SYNCRO-FAN 
SWITCH, is composed of only 3 parts: 
The “heart” of the switch itself is a 
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Distributed Parameter Delay Lines 


FEATURE UNIFORMITY, STABILITY AND LOW COST 


IRC’s extensive mass production experience and technique in 
the manufacture of continuous lengths of wire wound resistive 
elements have now been utilized to produce a uniform 
high-quality, low-cost, distributed-constant delay line. 
Simplicity of design permits close control of electrical 
characteristics even to providing, in many applications, 
unusual phase characteristics to meet customers’ 

special requirements. 


Encapsulation in phenolic impregnated rigid tubes 
with axial leads assures good stability under 
adverse environmental conditions. These delay 
lines are well suited for either point-to-point 

wiring or printed board applications. 
If you have an application for distributed 
constant delay lines, we will be pleased 
to review your requirements. Send 

coupon for full details. 


Features 


TIME DELAY 0.2 to 1.0 microseconds 


IMPEDANCE 500 to 2500 ohms stan- 
dard; higher and lower are available 
Tamed late tT tt 


BANDWIDTH 3.5 MC and greater as 
required 


TEST VOLTAGE 300 volts 
OPERATING TEMPERATURE 65°C 


inssteted Composition. Resistors « INTERNATIONAL RESISTANCE CO. 


Deposited and Boron Carbon Pre- 4 4 

* . ’ . +, Phila. . 
tators © Power Basitor * Voltmeter 8 Dept. 224, 401 N sued St., 7 ila. 8, Pa 
Multipliers * Ultra HF and Hi-Voltage In Canada: International Resistance Co., Ltd., 
Resistors * Potentiometers: Toronto, Licensee 


Send technical data and prices on the new IRC 
Distributed Parameter Delay Lines. 


NAME 


low Wattage Wire Wounds * Resis- COMPANY 

tance Strips and Discs * Selenium 

Rectifiers ond Diodes * Hermetic ADDRESS 

Sealing Terminals * Insuloted Chokes 

* Precision Wire Wounds* Attenuators > oa oesk eetiiediitebonensa a callie 


AUGUST 1957 Circle 176 on page 17 


























































































































































































































































































on using 


— 


GIBSILOYS 


GIBSON CONTACTS 


give compact design, 
top performance in new 
Cemco‘‘Fusematic’” switch 





® NEW “FUSEMATIC” 


switches developed by Cemco 
Electrical Manufacturing Com- 
pany, Ltd., of Canada, require elec- 
trical contacts of 100,000-amp in- 
terrupting capacity. 


® GIBSILOY CONTACTS 


were Cemco’s choice not only for 
their high electrical and thermal 
conductivity but also their low 
contact resistance, long life, resist- 
ance to arc erosion and sticking. 


* GIBSON CONTACTS 


can do the same for you. We offer 
a complete line of contact mate- 
rials, forms, and assemblies to 
meet requirements of your elec- 
trical product. Contact us to quote 
on your next job. Our engineers 
will help you in contact design. 











— 
See our catalog in Sweet's 
{f Product Design File 
\\ or write for Gibson 


SS Catalog C-520. 





Ria 


Gian 





ELECTRICAL CONTACTS 


lanugacl oe > ane 


RU madame meat os) oe 


8349 Frankstown Ave., Pittsburgh 21, Pa. 
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conically shaped disk fabricated in one 


piece from heat-treated spring steel to g to 4,000 psi. 


which centrifugal weights are directly 
fastened, the insulating spool is molded 
from high strength plastic and is at- 
tached directly to the spring disk. This 
spool is an integral part of the disk 
and is actuated in a linear direction to 
make the actual contact with the sta- 
tionary switch. The does not 
touch the motor shaft thus eliminating 
any possibility of friction because of 
dirt, rust or warpage. The fan casting 
itself holds the switch mechanism in 
correct position, and is mounted on the 
motor shaft. 

The switch features the design char- 
acteristics requiring a rapidly decreas- 
ing rate of spring pressure at its 
critical switching point. This feature, 
combined with rapidly increasing cen- 
trifugal pressure (the square of the 
speed of the shaft) results in positive 
snap action. 


spool 


The centrifugal switch operates on a 
new virtually frictionless principle. Its 
action is determined by speed alone, 
regardless of voltage or load. 

Operational tests of SYNCRO-SNAP 
switches show that a life expectancy 
up to three million cycles can be ob- 
tained with no signs of friction or wear 
and no variance in operational char- 
acteristics. Torq Engineered Products. 
Inc., 34 West Monroe Street, Bedford, 
Ohio. 
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TIME DWELL SERVO VALVE 
FOR MISSILE FLIGHT 


CONTROL 
Tiny 144 lb time dwell servo valve con- 
verts electronic signals into control 


forces for guided missiles. drones or 
aircraft. The unit serves as a link be- 
tween a missile’s electronic computer 
and control surface actuators regulating 





the flight path. It converts electric sig- 
nals, transmitted from 
into hydraulic 
actuators. 


the 
that 


computer, 


forces move the 


Hydraulic oil flows can be regulated 








from 40 to 5 gpm at pressures trom 750 


Two major subassemblies make up 
the servo valve. The spool and body 
assembly controls the quantity and di- 
rection of hydraulic oil flow to an ac- 
tuator. A torque motor converts elec- 
trical signals into forces to activate 
the valve spool, which directs the flow 
of oil by uncovering metering ports. 

Features include: exceptionally high 
spool control forces; infinite resolution ; 
fixed phase shift; and maintenance of 
performance in contaminated oil and 
at elevated temperatures. The Garrett 
Corp., AiResearch Manufacturing Div., 
Los Angeles, Calif. 
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BISTABLE FOUR-LAYER DIODE 
New diode type becomes available 
with the introduction of the Shockley 
Low-Power Four-Layer Switching 
Diode, a invented at Bell Tele- 
phone Laboratories. The diode is a 
two-terminal silicon device which can 


type 





exist in either of two states: 
or high-impedance state (1 to 100 
megohms) and a closed or low-im- 
pedance state (1 to 10 ohms). 

It is switched from one state to the 
other through control of the voltage 
and current values. It is driven to its 
closed state by application of a voltage 
greater than the critical breakdown 
point; it will continue conductive so 
long as a current greater than a critical 
holding current is maintained. When 
the current is reduced below the hold- 
ing value, the device regains its open 
state. 

While the parameters are control- 
lable over some breadth in manufac- 
ture, typical ranges of values are as 
follows: Firing voltage ranges from 20 
to 60 volts. Holding currents are 25 ma 
or somewhat less at about volt. 
The switched-current capacity is ap- 
proximately 100 ma, and maximum 
power dissipation is about 100 milli- 
watts. 

Switching rates are on the order of 
1 me, although theory indicates that 
rates to 10 mc can be reached. 

Characteristics of the Four-Layer 
Diode suggest a versatile range of 


An open 


one 
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1 SILICONE VARNISH 
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It was in May, 1907, that Ferdinand Wetterberg 
founded New Jersey Wood Finishing Company. 
The years have seen the Vartex line broaden 
into today’s complete and comprehensive line of 
the most modern flexible electrical insulation 
products. Vartex is your assurance of quality 
with a tradition. 
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_-silicone electrical insulation 


Varsil has long been considered the ideal where dependable elec- 
trical insulation under sustained high temperatures is required. 
Available in two popular types—silicone rubber on Fiberglas... 
silicone varnish on Fiberglas—Varsil also offers improved moisture 
resistance, high dielectric strength, and low power factor. Both 
types of Varsil are available in full width, 36” rolls and in tapes 
slit to customer specifications. 


@ COMPLETE TEST DATA AVAILABLE ON REQUEST 
© AGENTS IN ALL PRINCIPAL CITIES 


New Jersey Wood Finishing Company 


MANUFACTURERS Or FLEXIBLE ELECTRICAL INSULATION 


WOODERRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished “Fiberglas"t Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas'’t 
Cloth and Tapes 


“VARSLOT" Combination Slot Insulation: 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and ‘Mylar'’* Polyester Film 
Asbestos Paper and “‘Mylar"’* Polyester Film 
Kraft Paper and “Mylar''* Polyester Film 
Vartex Varnished “Fiberglas"’t and 
“Mylar’’* Polyester Film 
Special combinations available upon request 


* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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Motor driven 
variable transformers 
for 


REMOTE 
CONTROL 


Adjust A-Yott 
M 3012 


(One of 22 basic models) 


Where you need accurate and positive 
remote control of variable voltage, 
you'll get the results you want from 
one of the twenty-two basic motor 
driven models available in the Adjust- 
A-Volt series. 

Single units or up to 6-gang assem- 
blies, with load ratings from .35 to 28 
KVA—115V or 230V input—will help 
you solve many application problems 
where “long distance” push-button or 
switch operation is required. 

Typical in the series is the M3012 
shown above. This is a compact, rug- 
ged transformer with high perform- 
ance value. Maximum load rating is 
6.0 KVA; output 0-135V or 0-115V; 
maximum current output, 30.A. 


All models equipped with standard 
115V, 60 cycle motors, or lower volt- 
age motors if specified. Travel speeds 
of 6, 13, 26 or 45 seconds are available. 
Clockwise and counterclockwise limit 
switches are standard features. Units 
are enclosed in a well ventilated case, 
protected with a grey wrinkle finish. 
Militarized 60 cycle or 400 cycle units 
available. 


Send for the catalog describing 
the complete Adjust-A-Volt line. 


BPW DY ae 


ELECTRICAL PRODUCTS CO. 
2240 E. THIRD ST., DAYTON, OHIO 
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circuit applications with some of the 
more immediate probabilities including 
self-excited sawtooth oscillators, pulse 
generators of various types, bistable 
memory circuits, and ring circuits for 
counter and computer use. Shockley 
Semiconductor Laboratory, Beckman 
Instruments, Inc., 118 San Antonio 
Road, Mountain View, Calif. 
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“SLIM” SHADED-POLE MOTOR 


Substantially lighter in weight than 
previous designs, “slim” shaded-pole 
motor has been developed for such ap- 
plications as blowers, cooling fans, 


evaporative coolers, and air condi- 
tioners. 

Length of the two-bearing unit is less 
than 4 in. It weighs 5.5 lb. The “slim” 
motor provides ventilation openings in 
both the shell and end shields without 
additional cost. End ventilated shell- 
type construction makes possible the 
new compactly designed motor. Special 
ribbing configuration of end_ shields 
provides strength and rigidity. 

The unit’s flat face-type mounting 
allows close clearances when mounting 
the motor within required product di- 
mensions. 

Easily re-oiled, the two-bearing unit’s 
wicking, outboard and inboard oil 
slingers, and oil-pump grooves on the 
shaft provide a continuous replacement 
of cooled, filtered oil throughout the 
bearing surface length. 

Integral cast aluminum fan blades 
on both ends of the rotor ventilate the 
motor from both ends. 

Electrical design of the new motor 
provides high efficiency and _ low 
sound levels. A penetrating varnish 
treatment of the stator windings adds 
to motor life and strengthens moisture 
resistance. The treatment helps make 
the motor quiet by acting as a bonding 
element between the stator laminations 
and its windings. 

Available are ratings from 35-mhp to 
4o-hp in 4- and 6-pole sizes. Its design 
versatility allows one, two, or three 
speeds in either direction or both. 
General Electric Co., Schenectady 5, 
New York. 
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MINIATURE CONNECTORS 


Cable-to-chassis types have been added 
to the Micro-Ribbon series of connec- 
tors. Available in 14, 24, 36 and 50 
contacts, the connectors feature dac- 
mium-plated brass shells with clear 


chromate treatment, gold-over-silver 


plated contacts and diallyl phtha- 
late dielectrics. A mated pair of the 
largest 50 contact size types occupy 
only 3.7 cu in. 

At 5 amp the connectors are rated 
at 700 volts d-c at sea level and at 200 
volts d-c at 70,000 ft. Amphenol Elec- 
tronics Corp., 1830 S. 54th Ave., Chi- 
cago 50, Ill. 
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JAN TYPE SILICON 
RECTIFIERS 


Designed and manufactured to meet re- 
quirements of MIL-E-1, four Jan types 
of silicon rectifiers (1N253, 1N254, 
1N255 and 1N256) are now in large- 
scale production. The new rectifiers. 
which cover the range of 100 to 600 


volts peak inverse, are of alloyed junc- 
tion construction with all-welded her- 
metic seal. 

Developed for use in all types of 
military equipment where the basic 
limitations of selenium, germanium and 
vacuum tube rectifiers must be over- 
come, the units are designed for high 
reliability under the most severe en- 
vironmental conditions of moisture, 
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Two seconds to “FIRE”...the time when 
your instrumentation cables must work 


Are you responsible for any of the 
equipment involved in scenes of this 
kind? Any of the instrumentation or 
telemetering devices? 

If so, you well know how little can 
be left to chance when a $100,000-plus 
pre-dawn “shot” is scheduled. 

Even minor cable trouble at a time 
like this can be crucial and costly, 
especially if it happens on the equip- 
ment involved for which you are re- 
sponsible. 

That's why it’s important for you to 
insist on electronic cables with maxi- 
mum built-in reliability. 


Quiz yourself on cable 

Here’s how to get this kind of reliabil- 
ity. Ask yourself these questions about 
the cable that’s to go into your own 
equipment: 
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1. Who is the cable supplier? Has he: 

a. Thorough knowledge of electronic 
wiring problems? 

b. Engineering and research skill in 
developing special cable? 

c. Complete facilities for producing 
custom-built or specification 
cable? 


2. Are his cable conductors full-size, 


uniformly annealed and _ precisely 
stranded? 


3. Are his insulations and coverings 


uniformly applied compounds that 
have proved workable, dependable? 


4.Can he supply those newly devel- 
oped materials that might be needed? 


You'll find all of these qualifications 
met in full measure by Rome Cable 


Millions of feet of Rome wire and cable 
have already been installed in elec- 
tronic gear for military and commercial 
uses. More is ordered every day. 

When you require cable that must 
not fail—or which must meet unusual 
specifications—we can very probably 
help you. Simply contact your nearest 
Rome Cable representative—or write 
to Department 422, Rome Cable Cor- 
poration, Rome, N. Y. 


ROME CABLE 


cS @& & 
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for longer 
motor life 


Kirkwood STEEL CORE and 
MOLDED CORE commutators 
make motors last longer 
because they are precision 
made to withstand extreme 
variations in heat, speed and 
vibration. 


LACS Cole Deol lait Me My lt -te( te 
up because Kirkwood commu- 
tators, ranging from 9/32” to 
50” dia., are machined to fit 
are Mes mee 


Te tete Mats tte Me iM Lol 
ly work with you in designing 
new commutators for special 
applications. Send us your 
Mlle e 


Write for Catalog 3A 


WAAL 


COMMUTATOR co. 


OVER 25,000,000 NOW IN USE 
Pitt MSM eels 20 ieee 
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vibration fatigue, high acceleration 
vibration, centrifuging, shock and tem- 
perature cycling. They have been suc- 
cessfully operated at temperatures rang- 
ing from —55 to 150 C. and they can 
be stored at temperatures ranging from 
—65 to 180 C. General Instrument 
Corp., Automatic Manufacturing Div., 
65 Gouverneur St., Newark 4, N. J. 
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OIL-TIGHT PILOT LIGHT HAS 
BRILLIANT GLASS CAP 


Oil-tight pilot light with a brilliant 
glass cap is available in clear glass or 
one of five bright colors. The new light 
is said to offer extra resistance to chem- 


icals and abrasion in addition to its 
increased visibility. 

For unprotected areas where break- 
age is a possibility, interchangeable 
caps of plastic can be had in the same 
variety of colors. Square D Co., 4041 
N. Richards Street, Milwaukee 12, 
Wisconsin. 
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REDESIGNED ELECTRIC DISK 
BRAKES MOUNT ON ANY 
STANDARD MOTOR “C” 
FACE BRACKET 


Redesigned, Series E electric disk 
brakes have been designed to fit any 
standard NEMA “C” Face motors. 
Brackets are also available for foot 
mounting the brake as a separate unit. 

Several new features have been in- 
corporated in the new brake design, 


such as the use of a taper lock bushing 
—assure positive pinion retention and 
afford simplified motor mounting with- 
out disassembly or change in the orig- 
inal factory adjustment. 


Protection against coil burning out is 
provided with air gap limiter which 
prevents the gap from increasing be- 
yond the point at which the energized 
coils will pull in the armature plate. 

Leads are normally brought out 
through a hole in the “C” face, but 
provision can be readily made to bring 
the leads out of the side of the brake 
through a standard threaded hole. 

Other features: a special assembly 
which will pull in from a large air gap 
and minimizes the frequency of gap 
adjustment: low rate springs which 
maintain constant torque regardless of 
the amount of lining wear: and an op- 
tional mechanical release with auto- 
matic or manual reset. Brakes are rated 
3-260 ft-lb. Star-Kimble Industrial Mo- 
tor Div., Safety Industries, Inc., Ham- 
den, Conn. 
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3Y%2 INCH SQUARE-FACE CRT 
COMBINES LARGE RASTER 
SIZE WITH SHORT TUBE 
LENGTH 


The 3% in. square-face design of the 
Type 41HAP single-gun electrostatic 
focus and deflection cathode-ray tube 
provides a raster size almost as large 
as that of a 5 in. tube of conventional 


round design. Over-all length of only 
1144 in. provides an additional de- 
sign advantage. 

Type 41HAP has highly sensitive 
D1D2 and D3D4 deflection plates. Tol- 
erances are closely controlled. Angle 
alignment between the D1D2 and D3D4 
traces are held to within 1 deg. 
Deflection factors are held to within 10 
per cent with low pattern distortion. 
Grid cut-off bias is held to within 25 
per cent. A recently designed special 
gum which draws negligible focusing 
electrode current is employed. Elec- 
tronic Tube Corp., 1200 E. Mermaid 
Lane, Philadelphia 18, Pa. 
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MODIFIED EPOXY COATINGS 
FOR PRINTED CIRCUITS 


Developed for military use modified 
epoxy coatings Hysol 6231 and Hysol 
6232 Series of compounds are designed 
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ESIGN ACHIEVEMENTS with SUPRAMICA* ceramoplastics 











SUPRAMICA ceramoplastics 


PROVIDE NEW STANDARDS OF RELIABILITY FOR DESIGNERS 


HIGHER TEMPERATURES . . . RADIATION RESISTANCE .. . 
TOTAL, PERMANENT DIMENSIONAL STABILITY . . . 


SUPRAMICA ceramoplastics are precision-molded insulations 
with temperature endurance greater than any comparable ma- 
terial. Molded parts, such as the commutator plate illustrated 
above, have complete, permanent dimensional and electrical 
stability under extreme conditions of humidity and temperature. 

Metal inserts molded in SUPRAMICA ceramoplastics. cannot 
loosen during thermal cycling because coefficients of expansion 
are closely matched. There is no possibility of shrinkage, 
growth, or age polymerization, as the materials are completely 
inorganic, made with Synthamica* synthetic mica. Other de- 
sirable properties are high dielectric strength, radiation and 


MYCALEX 


CORPORATION OF AMERICA 


EXECUTIVE OFFICES 
30 ROCKEFELLER PLAZA 
NEW YORK 20. NEW YORK 


GENERAL OFFICES AND PLANT 
CLIFTON, NEW JERSEY 


arc resistance, low electrical loss, imperviousness to moisture, 
oil and organic solvents. 

In thousands of military and industrial applications, SUPRA- 
MICA ceramoplastics are contributing to better, safer, more 
reliable operation of electrical and electronic equipment 
SUPRAMICA* 560 — for temperatures over 500°C. (932°F.) 
SUPRAMICA* 555 — for temperatures up to 650°F. 
SUPRAMICA* 500 — sheet and rod material for machining. 


Write for complete information. 


*SUPRAMICA is a registered trade-mark of Mycalex Corporation of America 
555 and 560 and 500 are trade-marks of Mycalex Corporation of America 
SYNTHAMICA is a trade-mark of Synthetic Mica Corporation, a subsidiary of 
Mycalex Corporation of America 


suPRAN 


CHICAGO — LOS ANGELES — DAYTON 
WASHINGTON — MIAMI 








FELLOW VISIONARIANS: K&E Albanene® Tracing 
Paper keeps your originals clear for life... substantially lowers your | 
operating costs. 


K&E Albanene has more desirable working qualities than any other 
tracing paper. Its superiority begins with the stock—100% rag paper | 
with the longest fiber in the business, made only for K&E. This gives 
Albanene its extraordinary tear strength with the greatest possible 
transparency. Original drawings stand up year after year under re- 
peated reproductions without damage or loss of clarity. | 


Albanene is permanently transparentized with an inert synthetic resin | 
exclusive with Albanene...accepts pencil and ink equally well. Ink 
lines never spread or feather. What you pay for stays in the paper. | 


It will pay you in lower operating costs to specify K&E Albanene®. . . 
the largest selling tracing paper in the world. For other drafting or | 
engineering equipment and materials also look to Keuffel & Esser Co. 
—your “Partners in Creating’’—who have served engineering for 
90 years. 


KEUFFEL & ESSER CO. New York, Hoboken, N.J., Detroit, 


Chicago, St. Louis, Dallas, San Francisco, Los Angeles, Seattle, Montreal. 
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immediate shipment... all ratings 


to protect printed circuits against high 
humidity and low temperature shock 
conditions. The strong bond produced 
between the components and the base 
laminate protects the circuits against 
mechanical shock and vibration. 

Hysol 6231 can be applied by brush 
or spray; 6232 by dipping and brush- 
ing. No special cleaning is required 
prior to coating to either system. Both 
are two component systems. 

These coatings are designed to exceed 
the specifications of Military Standard 
MIL-STD-202A, test methods for elec- 
tronic and electrical component parts. 
Houghton Laboratories, Inc., 322 
Houghton Ave., Olean, N. Y. 
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TEFLON SPAGHETTI TUBING 


Available are three grades of Teflon 
“spaghetti” tubing: thin wall, standard 
wall, and heavy wall construction. The 
tubing in any grade and size, is ex- 
tremely flexible being a nonwoven ma- 


terial that will not leak from cracks, 
splits or perforations. 

Treated spaghetti tubing for potting 
operations is also available. To assure 
adherence of all potting compounds, 
Teflon surfaces of all spaghetti and 
other components are available in a 
specially treated form, maintaining all 
of the desirable qualities and character- 
istics of the Teflon. 

Teflon possesses outstanding dielec- 
tric characteristics, particularly the low 
dielectric constant and extremely low 
loss factor, which remain constant over 
a measurable frequency range. 

The service temperature range of 
Teflon is from —110 to 500 F and the 
tubing possesses’ the inherent charac- 
teristics of Teflon. A full range of 
standard colors is available. 

Thin wall spaghetti is available in 
wire gages 30 to 0 with corresponding 
nominal inside diameter of .012 to .330. 
Sodium treated spaghetti can be had in 
wire gages of 0 through 30. 

Standard wall spaghetti sizes range 
from wire gage 24 with a nominal 
.0221D to a gage of 30 and a I.D. of 
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GUIDE TO AUTOMATIC CONTROL 


“HOW TO” 

BOOK OF 
CLOSED LOOP __ 

CONTROLS 


a < 


es 


® 


Tachometers 


- 


,% 
Synchros 


cg 


Potentiometers 


Precision 


Breadboard Parts 


Featuring these ‘off-the-shelf’ proven components—all you 
need for your closed loop control from a SINGLE source. 


S 


This brand new catalog, just off the press, belongs in the hands of every 
design engineer working with closed loop control applications. 

It gives complete descriptions and pointers on how to use the standard “off- 
the-shelf” components that comprise Mechatronic Development Apparatus. 


Amplifiers 


a 


Modulators 


MECHATROL DIVISION SER 
625 Main Street, Westbury, L. I., New York \ 
WESTERN OFFICE 

1000 West El Segundo Boulevard, Hawthorne, California 


Power Supplies 
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immediate shipment... all ratings 


eneral Electric 7/55 C 


REG. U.S. PAT.OFF 


TOTALLY ENCLOSED 





Motors in New NEMA Ratings 


YEARS AHEAD BENEFITS 


DESIGNED TO CUT COSTS—Up to 32% 
lighter and 50% smaller, new NEMA rated 
Tri-Clad ‘55' motors offer big savings on 
shipping, handling and storage costs. These 
more powerful, more compact motors permit 
big space savings on many machine designs. 


DESIGNED FOR EASY HANDLING— Sturdy, 
forged eye bolts are supplied with new Tri- 
Clad ‘55’ motors in larger ratings to permit 
easier motor handling. Provision for plenty of 
“wrench room" between motor feet and end 
shields cuts Tri-Clad ‘55’ motor mounting time. 


DESIGNED FOR EASY INSTALLATION 

Perma-numbered leads simplify wiring and 
speed motor hook-up. Numbers are stamped 
on terminals and printed on every half inch of 
the Geoprene(R) lead covering. Leads are al- 
ways identifiable even when taped or clipped. 


FOR COMPLETE INFORMATION 


FOR COMPLETE DETAILS on the new line of 
Tri-Clad ‘55’ motors up to 125 hp, contact 
your local G-E motor distributor or the sales 
engineer at your nearby General Electric 
Apparatus Sales Office. You will get expert 
assistance in selecting and applying the right 
motor for your particular application. 


FOR FREE SLIDE RULE—which lets you deter- 
mine at a glance the weight and space-saving 
benefits of recently announced NEMA stand- 
ards for larger motors—and for informative, 
free General Electric Tri-Clad ‘55’ motor 
bulletin, please send attached coupon. 


Section 891-6A 

GENERAL ELECTRIC COMPANY 

Schenectady 5, New York 

Piease send me the following publications: 

(] FREE BULLETIN (GEA-6602) describing the many advanced features of new 
Tri-Clad ‘55‘ motors up to 125 hp. 


(C) FREE SLIDE RULE (GEN-1 48) to determine weight and space-saving benefits 
of new Tri-Clad ‘55’ motors. 


NAME_ 





Site 
COMPANY a 
ADDRESS 





CITY & STATE 





I 
I 
I 
| 
I 
l 
| 
I 
l 
I 
l 
I 

l 

l 

l 

l 

l 
i 


Progress ls Our Most /mportant Product 


GENERAL eo ELECTRIC 


Circle 185 on page 17 





TIME IN SECONDS 


enna 


100 2 0 600 700 
PERCENT LOAD 


DRAW YOUR OWN CURVE 
this overload relay is now 
tailored...to your equipment 


NEVER BEFORE has any practical overload protector 
offered such close-tolerance specifications. 

In most ratings, the Heinemann Silic-O-Netic Overload 
Relay may now be specified to trip on overloads as small 
as 15%. Time-delay characteristics can be selected which 
will permit starting inrush yet give high-speed tripping at 
critical load points. 

Operating on the hydraulic-magnetic principle, this re- 
lay will always carry its full rated load despite ambient 
temperatures. It establishes a new and fully dependable 
close-tolerance between “must-hold” and “must-trip” cur- 
rent values. 

Now, Silic-O-Netic Relays are available with tailored 
response characteristics. Within limitations, you specify 
the current value and the tripping time. Here is the ideal 
means of protection . . . an overload protector precisely 
rated in current and time delay to your specific equipment. 


The full facts about 
tailored overload pro- 
tection are given in 
Bulletin 5102. Send 
for your copy, 


ELECTRIC COMPANY 


99 Plum Street Trenton 2, N. J. 
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0.330. Standard wall sodium treated 
spaghetti is available in wire gages of 
0 through 24. 

Heavy wall Teflon spaghetti is avail- 
able in wire gages 24 through 5 with 
nominal I.D. of .022 to .190, and sodium 
treated gages being 5 through 24. 
Fluorocarbon Products, Inc., Division 
of United States Gasket Company, 602 
N. 10th St., Camden 1, N. J. 
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SERVOMOTOR 


Small 200-volt a-c three-phase, 400- 
cycle induction motor for intermittent- 
duty applications requiring a maximum 
of 14 hp is designed to operate servo 
and similar mechanisms. The motor 


features internal planetary gear con- 
struction, with the rotor shaft supported 
on precision, antifriction bearings. Mo- 
tor housing, shafts and driving gears 
are of stainless steel. All parts not 
stainless are protected with corrosion- 
resistant plating. Stator laminations 
are heat-treated and zinc-phosphate- 
coated to reduce eddy current losses. 

Motor is reversible and designed to 
operate at ambient temperatures of 
from —100 200 F. Models are avail- 
able with output shaft speeds of 20,000, 
4000, 800 or 200 rpm under full load, 
but gear ratios may be altered to suit 
application. American Bosch Divisions, 
American Bosch Arma Corp., Spring- 
field, Mass. 
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CERAMIC FOR HERMETIC 
SEALS 


Ceramic material for hermetic seal ap- 
plications at high temperatures is 
known as Ceramicite. The compound 
bonds physically to most stainless 
steels. Thermal expansion of Ceramicite 
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Remarkable 
high-temperature insulation 


VOLTS PER MIL 


150 
Days Exposed 


Comparison of dielectric strength vs. time aged at 
250°C. (482°F.) for ““Armalon’”’ and the best commer- 
cially available high-temperature Class H insulation 
After exposure to extreme temperatures, “Armalon”’ 
can be creased without damage, while Class H ma- 
terials become very brittle. 


i Sed 


Bendix high-temperature AC aircraft generator, slot- 
lined with Du Pont “‘Armalon.”’ Driven directly by 
plane engine, this 20 KVA, 400-cycle unit operates at 
4,800-7,200 rpm. 


PHOTOS COURTESY RED BANK DIVISION, BENDIX AVIATION CORP.. EATONTOWN, WN, J. 


Armalon’* proves dielectric superiority 
as slot liner for aircraft generators 


DU PONT IN DUSTRIAL Bendix Aviation Corp. uses a Du PontArmalonjtetrafluoroethylene 


resin-coated glass fabric to slot-line the high-temperature AC 
COATED FABRICS generators it builds for the Air Force’s F-104 Starfighter. Superior 
dielectric and mechanical properties of “‘Armalon’’ give windings 
COATING MEDIUMS maximum protection against vibration and the extreme heat 
Neoprene « Buna-N e Silicone + Polyacrylate generated at full load and high altitude. 
Chlorosulfonated Polyethylene « Tetrafluoroethylene This example of performance superiority characterizes the entire 
Buty! + Acrylic «© Polyamide family of Du Pont industrial coated fabrics. Do you need a material 
Polyethylene ¢ Polysulfide resistant to gas, oils or corrosives?—to abrasion and flex cracking? 
—to temperature extremes? Or one with superior insulating or 
SUBSTRATES anti-stick properties? If so, get all the facts on Du Pont industrial 
Fabrics Felts or coated fabrics. Simply mail the coupon. 
Cotton . Nylon . “Dacron”* Non-Woven = : : 4 
Asbestos . Glass “Teflon” Felts ee sede ee 
Rayon . “Teflon’** Wool Felts 


E.1.du Pont de Nemours & Co. (Inc.), Dept. EM-7 
Also elastomer sheet stocks without Fabrics Division, Wilmington 98, Delaware 
fabric inserts and cements Please send me further information about coated fabrics. 
ns I am interested in using a coated fabric for 

** Dacron” is Du Pont’s registered trademark for its polyester fiber 


**“Teflon” is Du Pont’s trademark for its tetrafluoroethylene fiber N 
r a ame 
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“Wwe needed compact 
reversibie motors to 
drive TV camera iris 
and focus mechanisms.” 


R. A. White, Mechanical Development Department 
General Precision Laboratory Incorporated 
Pleasantville, New York 


The GPL Remote Iris and Focus Television Camera shown above 
may be operated as far as 500 feet from control location — with | 
complete remote control of lens optical focus and iris aperture. 
Vernier control of focus is provided regardless of lens focal length. 
For this camera, General Precision Laboratory selected two 
Barber-Colman AYAE reversible small motors . . . one drives the 
lens focus mechanism and the other drives the iris control. “Plus” 
features of this high-torque, fast-reversing Barber-Colman motor 
include low-inertia rotors for quick, positive start, rapid reverse 
porous bronze bearings . . . hardened and ground stainless | 
steel rotor shafts . . . rugged construction .. . long life. If you havea 
design problem involving small motors, let Barber-Colman Com- 
pany engineers help you solve it with the exact motor for the job. 
FREE HELPFUL DATA SERVICE on the complete line of Barber-Colman small motors which includes 
unidirectional, synchronous, and reversible motors up to 1/20 hp. With and without reduction gearing 


— open or enclosed types. Expert engineering service available. Write today, outline your problem, 
osk for free data sheets and Catalog F-4271, or see Sweet's Product Design File. 
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REVERSIBLE SYNCHRONOUS GEARED UNIDIRECTIONAL 


BARBER-COLMAN COMPANY 


Dept. T., 1203 Rock Street, Rockford, Illinois 


Small Motors ® Automatic Controls ® Industrial Instruments ® Aircraft Controls 
Electrical Components * Air Distribution Products * Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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is similar to these metals. Seals em- 
bodying Ceramicite have the excep- 
tional ability to withstand severe phys- 
ical and thermal shocks without leaks 
or cracking. 

The heating required by the sealing 
process causes unique changes in the 
linear expansion properties of the mate- 
rials. The result is a common coefficient 
permitting crystalline migration be- 
tween interfaces of the materials in- 
volved during the cooling cycle. Thus 
an actual moecular bond exists _be- 
tween the metal and the Ceramicite. 
This assures a highly reliable, leak- 
tight hermetic seal with excellent 
electrical characteristics in continuous 
operation at temperatures up to 700 F. 

The ceramic material is available in 
two forms: as preformed pieces, ready 
for firing by the user in fabrication of 
seal components’ and as completed seal 
components, suc *h as single and multiple 
pin terminals and headers. 

Typical uses include relay bases, 
transformer bases, transistor bases, 
diode closures and other components 
which require hermetic sealing. Con- 
solidated Electrodynamics Corp., 300 
N. Sierra Madre Villa, Pasadena, Calif. 


Circle No. 514, Reader Inquiry Service Cards 
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GEARMOTOR IS SIMPLE AND 
VERSATILE 


Simplicity keynotes the Line-O-Drive 
gearmotor — a_ practical insurance 
against machine “down time.” To 
change motors, only four bolts are 
loosened to free the motor from the 
end shelf and to uncouple the flexible 


+ 


coupling. The motor may then be re- 
moved and replaced with another stand- 
ard stock motor in a matter of minutes. 


The mounting slots in the end shelf are 


standardized to conform with standard 
NEMA dimensions. 

Motor capacities in line offer a com- 
plete range from 1 to 75 hp. Each of 
the reducer types has an output speed 
range of from 350 to 744 rpm. Double 
and triple reduction units are available 
in foot and flange mountings, vertical 
or horizontal. 

Speed reducer ratios up to 1478:1 
can be easily changed with standardized 
drive components. The design incorpo- 
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6 SPEED NUTS* replace 10 fasteners 
...and costs drop 80%! 


Six Tinnerman SPEED Nuts replaced 10 weld nuts 
on the Gibson Window Air Conditioner . ..and pro- 
duction costs dropped more than 20 cents per unit! 

Working with the designers at Gibson Refriger- 
ator Company, Division of Hupp Corporation, 
Tinnerman engineers suggested using four 
“J” Type SPEED Nuts to fasten the front panel to 
the air conditioner cabinet. These one-piece, self- 
locking, spring-steel fasteners snap in place by 
hand; are self-retained in screw-receiving position. 
They also used two Flat Type SPEED Nuts to fasten 
the window mounting channel to the cabinet. 

By eliminating ten weld nuts, Gibson was able 
to divert a spot welding machine to other uses, 
reduce materials handling, simplify and speed 
up assembly. They cut costs right down the line 

without sacrifice of product quality! 

Savings like this are being made every day when 
manufacturers switch from ordinary fasteners to 
Tinnerman SPEED Nut Brand Fasteners. Over 
9000 variations are available to handle practically 
any fastening job, from tiny transistors to huge 
freight cars. 


Send for complete data on how you can make 
important assembly-cost savings. And investigate 
the possibilities of having a Tinnerman Fastening 
Analysis made of your products. Call your 
Tinnerman representative, or write to: 
TINNERMAN PRODUCTS, INC. 
DEPT.12 + P.O. BOX 6688 + CLEVELAND 1, OHIO 


TINNERMAN 


FASTEST THING IN FASTENINGS® 
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CANADA: Dominion Fasteners Ltd., Hamilton, Ontario, GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg, 
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FOR EVERY SYSTEM 
APPLICATION 


CONTROL MOTOR 
TYPE R WO 


SND H 


SEABEOT: COmm ART HK 


KEARFOTT offers the systems manufacturer the 


most complete line of precision made components 
available anywhere. Quantity production 

enables quick deliveries and reasonable prices. 
SYNCHROS— Transmitters, Control Transformers, 
Resolvers, Repeaters, and Differentials in 

Bu Ord Sizes 8, 11 and 15. High Accuracy and 
environmental resistance. 


SERVO MOTORS—High torque, low inertia Servo 
Motors, Inertial and Viscous damped Servo 
Motors, in Bu Ord Sizes 8, 11, 15, 18 and 23. 


TACHOMETER GENERATORS — Available as 
damping generators, rate generators and 
integrators. They feature high output to null 
ratio and extremely linear outputs. Temperature 
stabilization may be provided. 

GYROS— Directional, floated rate integrating, 
free, vertical, and spring restrained rate gyros for 
all airborne navigation, stabilization or fire 
control applications. 


Bulletins giving physical 

and technical data of the 

various Kearfott Products 

will be sent on request. The 

Kearfott organization is 

available to assist in the 

development and 

manufacture of other 

precision components you 

may require. A SUBSIDIARY OF 
GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales ond Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., Lo Grange, Ill. South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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rates a flexible coupling that absorbs 
misalignment and end float through the 
rocking action of the hubs in the sleeve. 
Gears are produced from alloy steel 
forged blanks providing extra tough- 
ness and hardness plus precision ac- 
curacy. Bearings have extra capacity 
affording high overhung load ratings. 
Howell Electric Motors Co., Howell, 
Mich. 
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ENCLOSED, NONVENTILATED 
TEXTILE MOTOR 


Enclosed, nonventilated, textile motor 
said to be virtually maintenance-free, 
has been developed for such applica- 
tions as picking and carding machines, 
spinning and roving frames, spoolers, 
warpers, and slashers. This Tri-Clad 


“55” motor is smaller and lighter than 
the screenless open textile line it 
replaces. 

The new motor’s stator insulation 
system is specifically designed for 
operation in the 75 C rise temperature 
range. It is rated 75 C rise continuous 
to obtain maximum horsepower from 
the smallest practical frame size, ac- 
cording to company engineers. The 
enclosed, non ventilated design mini- 
mizes fire hazards by preventing lint 
from coming into contact with the 
windings. Lint-cleaning is virtually 
eliminated. Rugged cast-iron construc- 
tion of the textile motor resists any 
physical damage. 

Engineered to take advantage of new 
lubricants, the motor uses the Tri-Clad 
“55” bearing system, which seals dirt 
out and grease in. Advantage has also 
been taken of improved insulating 
materials. 

The new motor’s non_ ventilated 
construction is more flexible, permit- 
ting special designs, such as brake 
motors, to be built into the new line 
more easily than with fan-cooled or 
screenless open motors. 

The enclosed, non ventilated motors 
are available in the following ratings: 
2 and 3 hp, 1800 rpm; 1%, 2 and 3 hp, 
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TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVE . 


Terminals withstand 21-lb pull 


Resistor terminals are often subjected to considerable 
stress. That’s why General Electric has built extra 
strength into the terminals of these new vitreous- 
enameled resistors . . . strength to hold up to 21 pounds 
of right-angle pull. For exceptionally heavy-duty appli- 
cations, there’s a special G-E terminal that holds up to 
34 pounds of pull. 


General Electric resistors are available in over 1400 
combinations of ratings (5 to 200 watts), types, and 
mountings. They will hold standard rated tolerance 
even under extreme temperature conditions (— 70 F to 
+700 F). Their vitreous-enamel coating provides re- 
sistance to moisture, acids, solvents, and alkalies. 


Want to see for yourself? Ask your General Electric 
salesman for a free set of sample resistors and conduct 


your own tests. And mail this coupon today for the 
new 36-page catalog containing complete information 
on ratings, dimensions, and ordering directions. 


Industry Control Department, Roanoke, Virginia. 


SEND TODAY FOR FREE 
RESISTOR CATALOG 


Section 784-6 
General Electric Company, Schenectady, N. Y. 


Please send a copy of GEA-6592, G-E Resistor Catalog. 
Name 


Address 
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Bett -on every 


electrical and electronic application 
because... from ingot to final 
inspection, every test known to 
science safeguards the quality of 
Wilbur B. Driver Precision Alloys. 
These tests assure performance as 
specified! Why not consult a 
Wilbur B. Driver sales engineer for 
recommendations on precision 
alloys for your applications, 


| Specialists in “ 
PRECISION 


| 
Wilbur B. Driver Co. — } 
EAN\\ | 
NEWARK 4, NEW JERSEY D7 
NJ 
iicainia seminarians eae tae a os - s| 
| 
| 


Chemical Laboratory 





IN CANADA: Canadian Wilbur B. Driver Co., Ltd. 
85 King Street, Toronto 1 
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1200 rpm. The new textile line has 
standard NEMA torques. General Elec- 
tric Co., Schenectady 5, N. Y. 
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STAINLESS STEEL SHEET FOR 
UP TO 1500 F SERVICE 


New stainless steel sheet withstands 
operating temperatures as high as 
1500 F. Use is made of a special 
process that involves the diffusion of 
chromium into the surface of steel 
where an iron and chromium atom 
exchange takes place, forming a stain- 
less surface integral with the base 
metal. Since the high temperature is 
followed by slow cooling, the sheet 
becomes fully annealed at the same 
time. The company claims its newly 
developed product is more easily 
worked than solid stainless steel sheet 
and can be bent, drawn, swaged, 
formed, spun or welded without peel- 
ing or cracking. Economy is stressed. 
Chromalloy Corp., 450 Tarrytown 
Road, White Plains, N. Y. 
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ALL-METAL 7%-INCH- 
DIAMETER POTENTIOMETER 


Versatility is offered by the design of 
the Type 909 % in. diam multiturn 
potentiometer. 

The all-metal potentiometer can 
easily be manufactured in a 3-turn or 
a 20-turn version or any degree of elec- 
trical rotation in between. Simplified 





ganging and easy phasing are other 
advantages. Chief design advantages 
are low noise throughout life, excellent 
shock and vibration characteristics, 
good linearity, and availability in either 
standard or high temperature versions. 

Cylinders of stainless steel tubing 
form the case, which is insulated from 
the mandrel by a dielectric film. In- 
stead of the conventional slip ring, the 
new design utilizes a helical slip bar, 
which serves also as a guide for the 
wiper. 

The wiper assembly straddles the 
slip bar and the wiper rides on the 
resistance winding in the middle. This 
not only provides a dual slip bar con- 
tract, but also, due to the different 
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For SATISFYING Power Company and Application Requirements... 


BULLETIN 646 


manual autotransformer TYPE 


A strictly “modern” starter. 
Silver alloy, air break con- 
tacts provide long, trouble 
free life... without the messi- 
ness and maintenance of oil- 
immersed contacts. Operation 
is simple . . . a bell signals 
proper interval—which can 
be adjusted—for switchover 
from START to RUN. Air 
break contacts standard in 
ratings to 75 hp, 220 v; 150 
hp, 440-550 v. Also furnished 
oil-immersed up to 125 hp, 
220 v; 250 hp, 440-550 v. 
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For Velvet $-M-O-O-T-H STARTING.. 


BULLETIN 640 


manual stepless resistance TYPE 


Graphite compression disc re- 
sistors provide smooth, step- 
less starting of polyphase 
squirrel cage motors. Oper- 
ated by hand lever, the 
smooth starting of the motor 
is under the control of the 
operator. Limits starting 
current and prevents lamp 
flicker. Accurate overload re- 
lays protect motors against 
burnout. No-voltage protec- 
tion provided. Ratings to 
200 hp, 220-440-550 v. 


8-57-MR 


cattle isa lal 


Allen-Bradley Co. 
Brae 
Milwaukee 4, Wis. 


Second St. 


In Canada— 


PN tae 
Canada Ltd. 


Bradley 


Galt, Ont. 
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BULLETIN 746 
automatic autotransformer TYPE 


Employs autotransformer 
connected in delta to reduce 
line voltage for starting squir- 
rel cage motors that should 
not be started on full line 
voltage. Automatically oper- 
ated by solenoid contactors 
with double break, silver alloy 
contacts. Adjustable timing 
relay controls accelerating 
period. Taps are provided on 
the autotransformer to adjust 
the motor starting voltage. 
Ratings up to 300 hp, 220 v; 
600 hp, 440-550 v. 


. nothing equal on the market! 


BULLETIN 740 
automatic Stepless resistance TYPE 


Preset and adjustable graphite 
disc resistors are automati- 
cally inserted in series with 
squirrel cage motor at start- 
ing. Adjustable timing relay 
operates contactor, whic h 
automatically cuts out re- 
sistors after predetermined 
starting period. Resistors can 
be adjusted to motor and load 
conditions for velvet smooth 
acceleration. Accurate ther- 
mal relays protect motors. 
Ratings to 200 hp, 220-440- 
550 v. 


or 
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..-and still other 
ALLEN-BRADLEY 


KATATE 
voltage STARTERS 


BULLETIN 736...AUTOMATIC 
part winding TYPE 


For use with squirrel c 
= having two sepa- 
| stator wind- 
ical 


age 


motor 
rate paralle 
ings. Prov ides econom 
reduced starting 
when startit 
not exceed po’ ercom 
limitations. Two types 
Stvle A is a 2-step starter 
av ailable in ra 
200 hp. 220 v; 400 hp. 440- 
550 v. Stvle B is a 3-step 
starter with resistance 1 
es with the motor on 


voltage 
ie current does 
pany 


tings up to 


seri 
the first step- 
to 200 hp, 


BULLETIN 1N72... AUTOMATIC 
high voltage, air break reactor TYPE 


For starting high voltage 
squirrel cage motors at re- 
duced voltage. Simple 
solenoid air break con- 
tactor has only one moving 
part, and the double break, 
silver alloy contacts need 
no maintenance. These 
contactors are designed for 
heavy duty industrial 
service and can be used for 
inching or jogging. Reli- 
able overload relays pro- 
tect the motor at all times. 
Starters have interrupting 
capacities of 150,000 kva, 
2300 v; 950.000 kvwa, 
1600 v. Made in ratings 
up to 1500 hp, 2300 v; 
2500 hp, 4600 v. 


Inratings Up 
220- | 40-550 v.- 


BULLETIN 741...AUTOMATIC 
multipoint resistance TYPE 


An automatic starter that 
will satisfy power company 
requirements for starting of 
motors on network syst _. 
Resistances are automati- 
cally inserted in the line at 
starting, and are short cir- 
cuited in steps at definite 
time intervals. Time inter- 
vals can be adjusted from | 
to 5 seconds for ideal start- 
ing under various load con- 
ditions. Available in 2, 3, 
and 1-point starters. Made 
in ratings up to 300 hp, 220 
v; 600 hp, 440-550 vy. 


“42... AUTOMATIC 
ite resistance type 


e pressure on 


, the rate at 
re “98 applied 


hic pressu 
can be Varied 


Ratin 
550 y.- 
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resonant frequencies of the two con- 
tacts, offers superior vibration char- 
acteristics. 

Metal-to-glass-type terminals are 
welded to the case instead of the con- 
ventional type terminal board. The 
potentiometer can be tapped at fre- 
quent intervals and designed with 
shorted sections or wide ranges of over 
travel. 

Mechanical rotation of 3 to 20-turns 
per cup is available in either sleeve or 
ball bearings and in bushing or servo 
type mounting plates. 

Typical resistance range is 100 ohms 
to 200,000 ohms for a 10-turn version 
of the Type 909. Standard linearity is 
0.5 per cent with 0.05 per cent available 
on special order. 

Rated at 2.5 watts at 40 C the stand- 
ard 909 derates to 0 at 90 C and the 
high temperature version, available on 
special order, derates at 150 C. Fair- 
child Controls Corp., Components Div.. 
225 Park Ave., Hicksville, N. Y. 


Circle No. 518, Reader Inquiry Service Cards 
on page 17 


HERMETIC SILICON 
RECTIFIERS 


New silicon power rectifiers, Types 
302 and 303, are hermetically sealed 
silicon rectifying cells providing d-c 
currents up to 35 amp and 22 amp 


halfwave, respectively, with a maxi- 
mum peak inverse voltage up to 600 
volts. 

The forward voltage drop of cell 
302 will not exceed 0.9 volt at a 
forward current of 10 amp in ambient 
temperatures of 25 to 35 C. Reverse 
leakage of the cell is a maximum 20 
milliamp at rated peak inverse volts 
and maximum temperature. Maximum 
operating junction temperature is 
190 C. 


For cell 303, the forward voltage 
drop will not exceed 1.2 volts at a 
forward current of 10 amps in an 
ambient temperature of 25 to 35 C. 
Reverse leakage is a maximum 10 
milliamp at rated peak inverse volts 
and maximum temperature. Maximum 
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OF PHILADELPHIA 


TORRESDALE AVE. AT TOLBUT ST. 
PHILA. 36, PA. + DEvonsnire 2-6000 


OSE CLAMPS 


You can't beat Garrett for delivery on Hose 
Clamps. Our standard sizes of MULTI-CLAMPS, 
the clamp of 1,000 high pressure uses . 
AUTO-SEAL, the economy clamp for every in- 
dustrial use . . . and SPRING-GRIP, the speedy, 
low-cost wire clamp . . . run the full length of 
industry's needs—and we can make immediate 
delivery regardless of quantity. Garrett STATIS- 
TICAL QUALITY CONTROL is your assurance of 
“Double Quality’ precision products. 


Depend on GARRETT for all small parts. 


FLAT WASHERS—Made to meet new ASA 
and SAE standards . . . available in steel, brass, 
bronze, monel, aluminum, and stainless steel .. . 
finished to your specifications. 


HELICAL SPRING LOCK WASHERS—with 


controlled tension for tighter assemblies. 


SPRING WASHERS—Belleville, Bevel, 3- 
Wave, 4-Wave and other Spring Washers of 
special design. 


METAL STAMPINGS—Made to your specifi- 


cations on high-speed production presses. 


SEND FOR LITERATURE 


Peewee <----- 


GEO. K. GARRETT CO. 
TORRESDALE AVE. AT TOLBUT STREET, PHILA. 36, PA. 


Pleasesend, without obligation, literature onthe following: 
FLAT WASHERS HOSE CLAMPS 
HELICAL SPRING STAMPINGS 
LOCK WASHERS 


GARRETT STATISTICAL 
SPRING WASHERS QUALITY CONTROL 


Address 


ee 
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P&B PROGRESS 


De tT ECas NEW HIGH SHOCK eae 










*KG RELAY (Pat. Pending) 


ONLY 2.0 WATTS AT NOMINAL VOLTAGE FOR 12 MILLISECONDS EFFECTS ARMATURE TRANSFER 


4 = co 


POTTER & BRUMFIELD 
KG SERIES RELAY 


COTTER & BRUMFIELD, INC., PRINCETON, 


te 


The new KG magnetic latch relay was de- 
signed by P&B engineers at the insistence of 
leading aircraft and missile manufacturers 
and their suppliers of control systems. A 
permanent magnet which locks the armature 
into position is the secret of the KG’s dra- 
matically high resistance to shock and vi- 
bration. 

In addition to withstanding 30g vibration 
from 6 to 2000 cps, tests show the contacts 
will open for no more than 80 microseconds 
during 100g shock. 


Armature transfer from one set of the 
6PDT contacts to another can be made in 
approximately 12 milliseconds with only 2.0 
watts at nominal voltage. The KG is rated 
for ambient temperatures from —65°C to 
+125°C. 

The KG, together with other relays in the 
P&B “Star Series’, has vastly increased the 
realm of relay reliability for critical applica- 
tions demanding positive action of all com- 
ponents. Write or wire today for complete 
technical data. 


INDIANA—SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
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STAR SERIES 


KG RELAY 


DESIGNATION: KG23DBH 


GENERAL: Insulating Materials: Teflon, glass and ceramic. 
Insulation Resistance: 100 megohms min. 
Breakdown Voltage: 500 V. RMS. 


Shock: 100g where contact openings less than 80 microseconds 
may be permitted. 


Vibration: 30g 5 to 2000 cycles. 

Ambient Temperature: —65°C to +125°C. 

Weight: 13 ozs. 

Pull-in-Speed: 12 MS using 310 ohm coil at 24 V. DC. (25°C). 


Terminals: Two 11 pin multiple solder headers with hook ends for 3 
#20/AWG wires. 


Enclosures: Hermetically sealed only. 
Dimensions: 1-11/32 x 3.700 x 1-13/16 (See drawing for width, etc.) 
CONTACTS: Arrangements: 6 pole double throw. 


Load: Dry circuit to 3 amps, 115 V. AC, resistive. 5 amps, 28 V. DC, resistive. 
COIL: Power: 2.0 watts at Nominal Voltage. 


Duty: Either coil may be left energized without damage to the relay. 
Insulation: Teflon tape. 
MOUNTINGS: Four % inch #8-32 studs on 3% x % inch centers. 


COIL DATA:(EACH COIL) 


Voltage: 110 V. DC 

Resistance: 5500 ohms 

+10% @ 25°C 

See What's New in P&B Progress at Booth 603,604 WESCON, 
San Francisco, August 20-23 


Potter & Brundield, ine. 


PRINCETON, INDIANA 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY Manufacturing Divisions 


Ta 
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also in Franklin, Ky. and Laconia, N. H. 


Mail the coupon below for further engineering data on P&B's 
new Star Series relays plus new compact catalog of standard 


type relays. If you need answers to a specific application 
problem, write in detail. 


‘g 


' Potter & Brumfield, Inc., Princeton, Indiana 
-Attn: T. B. White, Brig. Gen. M.C. (Ret.) 
Special Projects Engineer 
Please send me complete data on the new Star Series 
relays, plus the new compact catalog of P&B standard relays. 


ga Name 
Company 
Address 


City 


ee A 
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operating junction temperature 1s 
190 C. 

On both cells, the plated rectifier 
case is the positive (cathode) terminal 
and has a threaded 14—28 stud for 
through mounting. Each cell, weighing 
0.65 oz, is shipped with hex nut, lock 
washer and flat washer, two 0.003-in.- 
thick mica washers and an insulating 
bushing. 

302 and 303 rectifiers are also avail- 
able in complete bridge assemblies. 
Westinghouse Electric Corp., P. O. Box 
2099, Pittsburgh 30, Pa. 
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TAPE-WOUND BINARY 
TRANSFORMER WITHSTANDS 
10 G AT 2000 CPS 


Illustrated is a tape-wound binary 
transformer shock-mounted to withstand 
10 g at 2000 cps. The tiny toroid coil 
is supported top and bottom with spe- 
cial silicone rubber which does not 


So 


a 


change in environmental conditions. 
This type of support prevents shock 
and pressure upon the core from chang- 
ing the hysteresis characteristics. These 
transformers have been produced in 
production quantities for a military 
project and each has been hi-potted at 
110 volts for 100 while being cycled 
between —65 and 80 C. Binary trans- 
formers of this type are now available 
for general application to specific cus- 
tomer ratings. Laboratory for Electro- 
nics, Inc., 75 Pitts St., Boston 14, Mass. 


Circle No. 520, Reader Inquiry Service Cards 
on page 17 


HIGH GAIN TRANSISTOR 


For a new high gain germanium p-n-p 
audio power transistor RETMA has re- 
served the JETEC designation 2N285A. 

The 2N285A has current gains up to 
250 at 0.5 amp collector current, 125 
at 2 amp collector current, and 50 at 





Modern Coil Equipment 
PLUS 


Modern Coil Handling 


insure perfection 
in all 


DANO COILS! 


When electronic produc- 
tion calls, Dano Coils an- 
swer with the exact coil 
to your exact specification. 
Regardless of type or quan- 
tity, Dano is fully geared 
in equipment, facilities and 
experienced personnel to 
handle all your coil require- 
ments. 


Specially Treated Coils 
Vacuum Impregnated Coils 
High Temperature Coils 
Encapsulated Coils 
Form Wound Coils 
Paper Interweave Coils 
Bobbin Coils 


Also, Transformers Made To Order 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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cially 





| 3 amp collector current. It has a maxi- | 


mum collector dissipation of 25 watts 


| and a maximum junction temperature 
| of 95 i | 


The 2N285A is designed to be used 
in high gain audio and hi-fi amplifiers. | 
Because of its very high gain it is espe- | 
useful in feedback circuits to | 

superior performance. It is | 
also useful in high-current switching | 
circuits, such as static inverters and 


provide 


| power oscillators, and servo amplifiers 


and motor control circuits. Semicon- 

ductor Products, Red Bank Div., Bendix | 
Aviation Corporation, 201 Westwood | 
Ave.. Long Branch, N.J. 
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| SELF-INSULATED TAPER-PIN 


TERMINALS 


Self-insulated taper-pin terminals mount 
directly on metal, eliminating usual 
phenolic or other insulating support. 
The latest addition to a line of Teflon- 
insulated “Press-Fit” terminals, the 


—™ NEW! tow-cost | 


~ 


taper-pin series can be supplied in a 
wide variety of stand-offs and feed- 
thrus. The feed-thrus provide for a 
combination of connections, such as 
taper-pin at one end and conventional 
lugs at the other, or even taper-pin con- 
nections at both ends. Also in the series 
are completely insulated types with 
metal insert completely embedded ex- | 
cept for the flush end hole taking the 
taper-pin connection, thereby providing 
an exceptionally long leakage path for 
handling elevated voltages. Sealectro 
Corp.. 610 Fayette Ave., Mamaroneck, 


i Nak. 
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HIGH-IMPACT STYRENE 
POLYMER HAS HIGH HEAT 
RESISTANCE 


Styrene polymer combines high resist- 
ance to heat distortion with high im- 
pact strength. It is available in two 
formulations: One for injection mold- 
ing. the other for profile extrusion. 

Designated Lustrex Hi-Test 89, the 
product has a heat distortion tempera- 
ture of 194-198 F. Impact strength is 


SINGLE COIL 
INDUCTION MOTOR 


New in design, new in economy 
— the Heinze P Motor answers 
your need for a low-cost single coil 
2 pole induction motor. It is avail- 
able in various stacks and horse- 
power ratings from 1/300 to 1/50. 
Free speed is 3400 rpm; load 
speed 3000 rpm. Designed for 
115 V, 60 cycle operation, the 
Heinze P Motor has broad applica- 
tion — in movie projectors, fans, 
gearmotors, advertising displays, 
pumps, toys, etc. 

You have a wide choice of models 
from the comprehensive line of 
Heinze sub-fractional horsepower 
motors and blowers. Heinze Engi- 
neers are also ready to adapt 
standard models — or design a 
complete new motor or blower for 
your exact needs. Send us your 
product and specifications. We'll 
adapt a motor . . . at no obligation. 
Write for catalog. 


etd eid ELECTRIC COMPANY 
. 685 Lawrence St., Lowell, Mass. 
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a single 
or multiple 
disconnect 

using seamless, 
crimp-type 


terminations 


h 


STS MMe ia tt 
i be > f | LU nsu eB n 
em) me tele Cae ear 
2 each wire. Printed 
It) Te Meee Le 
plug and receptacle 
rT rcuit identifica- 


PEDO Mn ele) 
Assembly 


7 )) eo 
mat oll] SUR 


e saves weight 

* saves space 

¢ simplifies installation 
and maintenance 

on all pressurized 
bulkheads 


TT Ter om 
Eee ec 
Any wire is easily in- 
serted or removed from 
plug individually. Each 
contact clearly identi- 
fied on all six faces of 
plugs and receptacle 


NiTaahianiine 
aaa ed) 
cessed pins eliminate 
la Reel 
al contact of 


Tt Cae 
Each connector 

crimped on the insula- 
tion as well as on the 
Te) er a aa) 
mechanical and electri- 
cal efficiency. Eliminates 
need for cable grip. 


De a etd 
Pull-out from plug (in 
excess of 50 pounds) is 
maintained by compres- 
sion spring locks. Lock 
S quickly freed for wire 
removal by small screw- 
driver or knife blade 


oD A 
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Even strains up to 


100 LBS. 


can't budge cords and cables 
anchored by GRIPMASTERS! 


7 


HOLD FAST. 


Eliminate cord and cable failures 
permanently wherever powcr is 
supplied by exterior conductors. 
Economical, easily and quickly 
installed by unskilled operators. 
Used by leading appliance and 
equipment manufacturers. 


AVAILABLE IN 3 TYPES 
(0m came OMe oa Pease 
AND PRODUCTION LINE 
REQUIREMENTS 


All Metal Gripmasters 


Form a smooth metal band, firmly 
locked with a “bull dog” grip on cable. 
One-piece construction; quickly posi- 
tioned by slight pressure. Cannot 
shake loose in hardest service, espe- 
cially suited for equipment subject 
to severe handling. 


Click on Gripmasters 


Clickons form an immovable ring ex- 
erting uniform pressure on the cable 
circumference. Applied in seconds, 
Clickons are permanently locked in 
position. Effectively absorb cord pull, 
prevent braiding from unraveling and 
need for tape or thread binding. 


insulated Gripmasters 


Insulated types forming a compact 
ring that hold cables permanently in 
a vise-like grip. Suitable for assembly 
line installations. Designed to pro- 
vide positive protection for all cord- 
equipped electrical appliances. 


Ne LAY 
BINDING SLEEVES ELIMINATE 
ai 0a On) DS 


SH 


Gripmaster 

rubber tubes, 
specified 
industry-wide 

by leading 
manufacturers, 
prevent fraying at 
cord ends. Available 
for 5 wire sizes to .790 


Write for Samples and Quantity Prices: 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, N. J. 
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equal to that of Lustrex Hi-Test 88, 
maker’s basic high-impact molding 
compound. 

Recommended especially for compo- 
| nents exposed to moderate amounts of 
electrically produced heat, the new 
material has received Underwriters’ 
model approval for a series of radio 
and TV housings and components. 
Plastics Diy., Monsanto Chemical Co., 
Springfield, Mass. 
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“BUTTON” MICA 
CAPACITORS OPERATE 
AT 350 C 


Tests of custom built high temperature 
“Button” mica capacitors for con- 
tinuous operation in the 350 C range 
show average change of less than 4 per 


Pr res 


@ 


cent in capacitance and power factor 
from —50 C to 350 C. 

The “Button” micas have been de- 
signed for high altitude missile and 
aircraft applications. Because of the 


* exacting requirements at these extreme 


temperatures, the high temperature 
capacitors are custom-designed for 
specific application. Erie Resistor 
Corp., Erie, Pa. 
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SHAFT POSITION 
TRANSMITTER 


Accurate shaft position transmitter 
having infinite resolution and a null 
point at the center of rotation has been 
| designated Model 85175S-5 Spiralpot 
Position Transmitter. 

| The instrument consists of a stand- 
ard three-turn, slide-wire Spiral pot 


potentiometer which has incorporated 
| within its case fixed resistors wired in 
|a bridge circuit. One leg of the bridge 
|is shunted with the variable section; 
|the output can be read on a sensitive 
\light beam galvanometer. Linearity 


ELECTRICAL MANUFACTURING 





only 


circuit breakers prevent 


fault single-phasing 


1. Short circuit or over- 2. Rotating trip bar 3. Latch release acti- 
load involving any con- releases the latch arm vates quick-trip linkage, 
ductor trips lever, ro- —which rapidly moves pivoting common 
tates common trip bar. upward. breaker bar. 


4. All breaker arms 
yoked to common bar... 
fault in one line trips 
all 3 poles. 


THE ABOVE ACTION COMPLETELY CLEARS THE CIRCUIT IN AS LITTLE AS % CYCLE. 


Westinghouse AB breakers 
trip ALL THREE poles 


on any circuit fault 


you CAN BE SURE...iF ITS 


Westinghouse 


WESTINGHOUSE ELECTRIC CORP... BOX 868, PITTSBURGH 
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30, PA 
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MULTI-PHASE CIRCUITS 
REQUIRE 
MULTI-PROTECTION 


by H. D. Dorfman 


Westinghouse Electric Corporation 


In 3-phase operation, one phase may 
sometimes be faulted to ground without 
directly affecting the other two lines. 
This can be dangerous to personnel 
and intolerably expensive in damage to 
3-phase equipment continuing to oper- 
ate. Such single-phasing virtually 
doubles the effective amperage, doom- 
ing motors not immediately taken out 
of service. For example: 


Single-Phasing Burns Out Motor 


Case 48SW3: Motor, rated at 9 amp, 3 
phase and demanding 7.5 amp to power 
a blower, was on a circuit protected by 
three 20-amp fuses. One line faulted to 
ground, blowing its protective fuse. The 
motor continued running on the two 
unfaulted lines—single-phasing at an 
estimated 13.5 amp. This load was not 
enough to blow the remaining fuses and 
improperly applied overload relays did 
not act in time. 
Result: Burned-out motor. 


Single-Phasing Creates Hazard 


Case 52PC5: Machine motor rated 10 
hp, 440 volt, 3 phase, was controlled by 
a combination reversing starter having 
17.5 amp time-delay fuses. Evidently, 
one fuse blew to clear a phase-to- 
ground fault. Soon after, the unsuspect- 
ing operator attempted to stop the ma- 
chine by “‘plugging’’, in an emergency. 
Due to the single-phase condition, brak- 
ing was not achieved. 
Result: Accident. 


Other examples can be cited, illustra- 
ting that even dual-element, time-delay 
fuses do not always prevent harsh treat- 
ment of motors and controls, when fault 
single-phasing occurs. 


AB Breakers Prevent Such Losses 


Any LOAD-side fault causes simulta- 
neous tripping of all three breaker poles, 
immediately isolating the troubled sec- 
tion. As soon as the fault is removed, 
power can be quickly restored by simply 
flipping the breaker handle. 

Properly made and tested breakers 
will always operate at the load for 
which they are rated. Calibrations of 
Westinghouse breakers are not altered 
by time or by load cycles. They require 
no maintenance, being designed to out- 
live circuits in which they are placed. 
Time saving, greater reliability and 
greater accuracy more than offset the 
sometimes greater initial investment as 
compared to other circuit protectors. 
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NEW ADVANCE 
GH 


SERIES 


Mtge 
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...open or plastic enclosed 


Elgin’s new GH series combines the high efficiency required of gen- 
eral purpose relays with low cost. Their midget size suits them for 
installations where space is a problem (see specifications below). 
Open relays in 5 and 10 ampere ratings and clear plastic dust-tight 
enclosed 5 ampere relays are immediately available from stock. 
Specify dependable ELGIN performance . . . specify GH from your 


electronic parts distributor! 


SPECIFICATIONS 


NOMINAL POWER REQ.—DC relays, 1 
to 2 watts; AC relays, 2 to 3 volt amperes. 
NOMINAL VOLTAGE—DC relays, 6 to 
120 volts; AC relays, 6 to 220 volts. (On 
specification, DC voltage coil up to 220 
volts or AC voltage coil up to 440 volts 
can be supplied.) 

RESISTANCE — DC relays, 25 to 8,000 
ohms; AC relays, 4 to 5,000 ohms. 
PULL-IN CURRENT VALUES-—7.2 Milli- 
amps max, at 2,500 ohms; 5.0 milliamps 
max. at 5,000 ohms. 

DUTY CYCLE—continuous. 
TEMPERATURE RANGE— —55° to 
+85 C when specified. 

INSULATION RESISTANCE — 100 meg- 
ohms min. 

DIELECTRIC STRENGTH — standard: 500 
volts RMS. (When specified, 1,000 volts 
RMS can be met.) 

MAXIMUM WEIGHT—2 ounces. 


GHA SERIES, 5 amp. open relay 


Contact rating, 5 amps. resistive, 2 amps. 
inductive at 115 volts AC or 26.5 volts DC. 
Contact material is fine silver, 1C,2C,3C 
arrangements only. Relay is 1.1” high, 
1.732” long and .937” wide. Contact ter- 
minals can be used as solder lugs or for 
printed circuitry. 


(Also available: GHB series, 10 amp. open 
relay.) 


GHP SERIES, 5 amp. clear plastic en- 
closed relay. 


Dust-tight plug-in. Contact rating, 5 amps. 
resistive, 2 amps. inductive at 115 volts 
AC or 26.5 volts DC. Contact material is 
fine silver, available in 1C or 2C arrange- 
ments only. Enclosure is 2'% x 1134,’ 
overall. 2%" overall length above chassis. 


ELECTRONICS DIVISION 


ELGIN NATIONAL WATCH COMPANY 
2435 N. Naomi Street, Burbank, California 
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over + 360 deg rotation is about 0.11 
per cent. Over the entire +540 deg 
range linearity is +0.37 per cent or 
better. 

The unit has a bushing mounted 
black anodized aluminum case 1.5 in. 
diam x 1.5 in. long. The precision 
ground, corrosion resistant shaft is 
supported in miniature ball bearings. 
An indexing pin is provided for precise 
panel alignment. G. M. Giannini & Co., 
Inc., 918 E. Green St., Pasadena 1, 
Calif. 
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MINIATURIZED PHOTO- 
MULTIPLIER POWER SUPPLY 


Improved, miniaturized version of a 
photomultiplier power supply makes 
use of printed-circuit techniques. Re- 
designed circuitry has yielded a wide- 


range, regulated supply only 514 in. of 
panel height on standard equipment. 

Designated the Model CS-324XA, the 
unit supplies 800 to 2000 volts at 0-5 
ma, regulated to +0.005 per cent, 
against 10 per cent line changes, 
with a load regulation of 0.035 volt 
(less than 0.005 per cent in worst con- 
dition) no-load to full-load, ripple less 
than 25 mv rms (0.003 per cent) and 
excellent short-term stability. 

Model CS-324XA_ is reversible in 
polarity. The NJE Corp., 345 Carnegie 
Ave.. Kenilworth, N. J. 
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ENCAPSULATED SUB- 
MINIATURE POWER SUPPLIES 


Transistorized d-c converters which 
have an operating temperature range 
of 55 to 85 C and meet MIL-E5400 
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Sel, GROW...with 


F.. aluminum tube that is right for its purpose and comes to 
you right on schedule, call the nearest Revere Sales Office 
Revere is headquarters for tube . . . seamless drawn, welded, 
lockseam and other types, in an extensive range of sizes, alloys 
and tempers, both round and other than round. It will pay you 
to tie the growth of your business to the most dependable 
sources of supply. Revere Copper and Brass Incorporated 
Founded by Paul Revere in 1801. Executive Offices: 230 Park 
Avenue, New York 17, N. Y. 

Revere Aluminum Mill Products include coiled and flat sheet, both plain 
and embossed, circles and blanks, Tube-in-Strip,* extruded products, all 


types of tube, rolled shapes, electrical conductors, forgings, foil, and 
frozen food containers. *Revere’s trademark for sheet meta! containing inflatable channels 











“FLYING SAUCER” FILTER 
solves R-F NOISE problem 


The usual black box filter was out 
of the question. Too much bulk to fit 
the sideaanel space available... 
too little room to add components 
elsewhere in the system... 


But the problem was solved by 
taking advantage of Sprague’s as- 
sortment of designs including rec 
tangular and cylindrical filter 
elements. Those needed were taken 
from the shelves and packaged 
together in the “flying saucer” shape 
illustrated. 


Chances are that Sprague’s filter 
elements will add up to the fastest, 
most economical and efficient solu- 
tion to many of your filter problems 
... whether you package them your- 
self, or Sprague assembles them for 


_ ae 


you. But if not, you can depend on 
Sprague’s three filter research and 
development laboratories, complete 
facilities for special tests and meas- 
urements, library of more than four 
thousand proven filter designs, mass 
production facilities on the East and 
West Coasts, and field engineering 
consulting service. 


If you have an interference prob- 
lem, pick up your phone and call 
your nearest Sprague Electric Field 
Engineering Laboratory. They are 
located at 12870 Panama Street, Los 
Angeles 66, Calif. (TExas 0-7531); 
224 Leo Street, Dayton 4, O. 
(ADams9188);307 Marshall Street, 
North Adams, Mass. (MOhawk 
3-5311). 


| see SPRAGUE E&: filters. 
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are available in units up to 300-watt 
output. Size and light weight makes 
the units suitable for telemetering, 
radar, sonar and other military elec- 
tronic applications. A 75-watt unit 
measures only 444 x 114 x 234 in. and 
weighs approximately 11 oz, with slight 
increases for larger outputs. 

Designed to withstand heavy shock, 
vibration, and atmospheric pressures, 
the new units feature special high tem- 
perature transistors, and incorporate 
parts made of durable epoxy resin. 
Metal construction is confined to the 
base plate, which is cadmium plated to 
resist corrosion. 

The new design also is available in 
commercial versions for mobile radios 
and other battery-operated equipment, 
which offer an operating temperature 
range of —30 to 71 C. Rho Engineer- 
ing Co., 2242 Sepulveda Blvd., Los An- 
geles 64. Calif. 
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PRINTED-CIRCUIT HEAT- 
DISSIPATING TUBE SHIELD 


Miniature and subminiature series of 
right-angle heat-dissipating tube shield 
clamps for printed circuit application 
contain integral sockets for miniature 
and subminiature tubes. Subminiature 
shields have flat press and round but- 





ton base sockets; miniature shields are 
available with 7 and 9 pin sockets. All 
sockets are of standard mica-filled type 
cast on to the shield assembly in a mica- 
filled epoxy resin. The epoxy resin 
withstands continuous operating tem- 
peratures of 175 C. 

Bulb temperature of the tube is main- 
tained to within 5 C of the heat sink 
temperature per watt of heat-dissipa- 
tion and gives excellent retention, 
shock and vibration protection in ex- 
treme environmental conditions. 

With the maker’s right-angle printed 
circuit design the base of the shield 
attaches directly to a metal heat sink 
which lies adjacent to the printed cir- 
cuit board. Socket leads extending 
from the right-angle epoxy resin head 
fit through holes near the edge of the 
printed circuit board and are affixed by 
hand or automatic dip-soldering. 

Attachment of shield to a heat sink 
of proper thickness in the suggested 
manner provides maximum heat-dissipa- 
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HOW TO SOLVE 
PRODUCT DESIGN PROBLEMS WITH 


Intense cold (down to — 30°F) or 
searing heat (up to 700°F), G-E 
Versilube F-50 exhibits the most 
constant viscosity and best sta- 
bility of any hydraulic fluid. 
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Mail this coupon for more Siti | 
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Silicone Products Department, Waterford, New York 
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@®) SILICONE IDEAS 


Problem: Eliminate a potential failure point, upgrade Class 
B equipment for temporary overloads. 


Solution: Lead wire insulated with G-E silicone rubber. 


Silicone insulation, the standard for Class H equipment, 
enables manufacturers to make smaller, more compact 
motors, generators, and transformers. Class B equip- 
ment can also be upgraded to provide a safety margin 
for intermittent high temperature operation through 
the use of silicones. For example, silicone insulated 
lead wire eliminates a major source of failure in Class 
B motors, lets you standardize on one type of lead wire 
for both Class B and H equipment. Motor and ap- 
paratus lead wire made with G-E silicone rubber with- 
stands moisture and has ozone resistance approaching 
that of mica. It is easy to strip and solder and is flexible 
at low temperatures. 


Problem: Find a hydraulic fluid that functions over the 
30°F to 700°F range. 


Solution: Versilube F-50, General Electric’s new silicone 
fluid, with the best performance over this range of 
any hydraulic fluid now available. 


Over the — 30°F to 700°F range, only General Electric’s 
new silicone fluid, Versilube F-50, provides adequate 
performance in all these areas: thermal stability, lubri- 
city, viscosity-temperature coefhicient, oxidative stability, 
oxidation threshold temperature and hydrolytic stability. 
No other serviceable hydraulic fluid matches the 
thermal stability of G-E Versilube F-50—up to 600°F 
and for many applications, up to 700°F. Its lubricity is 
unequalled at temperatures as high as 700°F and com- 
parable to other hydraulic fluids in the moderate 
ranges. Versilube F-50 also maintains a more nearly 
constant viscosity than other hydraulic fluids over the 
— 30°F to 700°F range. 

For more information about Versilube F-50 and other 
G-E silicone fluids, send the coupon below. 


Problem: Design a coil for DC motors that will eliminate 


insulation failure and increase normal operating life 
at least 10 times. 


Solution: Combine inorganic materials with G-E sili- 
cones in an improved insulation system. 


Auxiliary mill motors often meet unexpected high ambi- 
ent temperatures, unforeseen extra long duty or other 
emergency conditions—any of which can cause “roast- 
outs.” This problem has been solved by a Class H G-E 
silicone insulation system which will withstand continu- 
ous high temperatures. Silicone-treated mica mat is used 
on commutating, exciting field and armature coils. In 
laboratory tests, this insulation has maintained full 
dielectric strength after 344 months at 300°C. 
Service life of this insulation has been calculated to be 
32 times that of conventional Class B insulation. Actual 
tests with Class H and B motors coupled together prove 
that insulation with G-E silicones lasts more than 5 
times as long. Five Class B motors have consecutively 
yurned out; the Class H is still going strong. 

Section D2A8, Silicone Products Dept. 

General Electric Company, Waterford, N. Y. 

Please send me more information on 

C) silicone rubber for wire and cable insulation, including list of 


suppliers [-] Class H insulation 


[_] silicone fluids for mechanical applications [_] | also want data on: 


Name Position_ 
Company 
Address 


City 
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[2=T°2\ New Bi-metal Element 


E-T-A Miniature 
Circuit Breaker 


is basis of 
Miniature 
Circuit Breakers 


Special Features 


Current ratings from 50 ma. to 25 amp. Tripping 
characteristic assures full protection in entire 
overload range. 


Circuit Breaker current rating may be selected 
very close to actual motor running current— 
nuisance trips eliminated. 


Circuit Breakers available in sets of Four or Six. 
Also with separate alarm circuits, plus testing 
features. 


APPLICATIONS: 


Small A-C Motors Aircraft 
Electronic Equipment Charging Equipment 
Electric Appliances Transportation Equipment 
Office Machines Vending Machines 


For complete data and prices, 


Built-in Type (Set of 6) 


write for Bulletin +1a/52. 


F.T-A PRODUCTS CO. OF AMERICA 


5085 North Elston Avenue, Chicago 30, Illinois 
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Here’s how Wisconsin Ceramic Parts 
help cut production costs! 


Highly developed manufacturing 
process makes it possible to obtain 
a great degree of accuracy on porce- 
lain, refractory, steatite and filter 
parts. 


The uniformity and toughness 
of Wisconsin Ceramic parts result in 
components that fit easily and accu- 
rately into place,—speeds assembling 
and increases production efficiency. 


Send a sample or blue print and 
tell us your requirements. We. will 
be glad to quote prices and delivery. 


Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN 


PORCELAIN CO. 
15 Market St. 


SUN PRAIRIE, WISCONSIN 
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tion plus the added versatility of at- 
tachment to a hollow duct if desired 
for the passage of air or liquid coolants. 

Where tubes do not operate at high 
temperatures (battery operated) the 
entire assembly may be mounted di- 
rectly to the printed circuit board. In- 
ternational Electronic Research Corp., 
145 W. Magnolia Blvd., Burbank, Calif. 
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TIMING MOTOR FOR 
DISPLAY APPLICATIONS 


Inductor Timing Motor especially de- 
signed for heavy-duty operation is per- 
manent-magnet-ty pe synchronous type 


with guaranteed torque of 30 oz-in. at 
1 rpm and 60 eps. 

Ruggedly built, the inductor motor 
has such features as: total enclosure 
to seal out dust, dirt and other break- 
down materials; a controlled lubrica- 
tion system; and the ability to operate 
in any position. Slow rotor speed (450 
rpm) makes it possible to reduce gear 
train to a space-saving minimum and 
insure quieter operation. 

Available output shaft speeds: 1 to 
60 rpm, for 120- and 240-volt operation 
at 50 and 60 cps. Models for either 
clockwise or counterclockwise rotation 
can be supplied. The Haydon Manu- 
facturing Co., Inc., 2500 Elm St., 
Torrington, Conn. 
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MIDGET MOLDED COMPO- 
SITION POTENTIOMETER 

The size, as well as the dependability 
required for small or miniature as- 
semblies, are provided in Type AS 
miniature potentiometers. Only 14 in. 


Kee 


& 
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ALL 
USUAL 
SIZES... 


and others in between! 


For your panels, or equipment mounting, 
plan on using the size instrument that 
meets your design requirement exactly. 
No compromise is necessary, for the 
WESTON line is comprehensive not only in 
types, shapes and ranges, but in sizes 

as well... from 12” to 642”... the most 
extensive line of panel meters available. 
For complete information on all Weston 
panel meters, consult your nearest Weston 
representative, or write for bulletin— 
Weston Electrical Instrument Corporation, 
Newark 12, N. J, 


WESTON 
Sadlwumetila 





in diameter the unit is rated at 0.5 watt 
continuous duty. 

The relatively thick, solid, molded 
resistance elements offer a large safety 
factor. The brush is molded for long 
wear and lower noise level. Type AS 
units are furnished in linear taper with 
locking type, screwdriver-slotted shafts. 

The units are dust-tight, splashproof 
and fungus-resistant. Terminals are 
gold-plated to speed soldering. Avail- 
able in 15 resistance values from 100 
ohms to 5.0 megohms, these units are 
designed to meet military specifica- 
tions. Ohmite Manufacturing Company, 
3613 Howard St., Skokie, III. 
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FAIL-SAFE MOTOR 
OVERLOAD CONTROL 


Called the “Load Sentry,” electro- 
mechanical control is intended for use 
wherever overload of any kind may be 
registered on an electric motor, built 
around the positive action of a contact 
meter-relay. The fail-safe overload con- 


hether its a complex 
\\ 1e 


of RF interference trol has no electron tubes. Tt is easily 

hooked into “start-stop switches. 
Maximum load to be permitted on 
the motor being monitored is set by an 
adjustable pointer anywhere on the dial 
of the meter-relay. The dial has 30 divi- 
high standards sions, ranging from zero to 150 per 
| cent of normal load. Another pointer 
indicates the actual running load on 
{ not only 1” the motor. When the pointers meet at 
full approval ’ an overload position, contacts lock and 

yerformance the circuit is broken. 

with blue- The Load Sentry will then sound an 
alarm and/or shut down the system. 
heat One of two special safety features of 
the Load Sentry is an interlock that 
keeps the circuit broken after an over- 
load until the condition causing the 
d bulletin. trouble has been corrected and a man- 
ual reset button has been pressed to 
restart the motor. The circuit will not 
close otherwise even if the contacts of 
the meter-relay unlock for any reason, 

ectronic’ yen such as an external blow or bump. 
a= idlanee Second safety feature is “fail-safe” 


METAL TEXTILE CORP. circuitry. The load relay is: energized 


when the control is operating, in con- 
trast to the customary unenergized con- 

NEW a 
ROSELLE. dition. Overload causes the relay to 
drop out and break the circuit through 
the motor. Similarly, any other abnor- 
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DOW CORNING 
CORPORATION 


Blind Workers Build Silicone 
Insulated Canned Motor-Pumps 


While many manufacturers are making 
imaginative use of Dow Corning Sili- 
cones to improve product performance, 
other progressive companies are also 
using these versatile materials to 
simplify design and assembly. A strik- 
ing example of this trend is provided 
by Nuclear Pump, Inc. 


Nuclear has licensed the Philadelphia 
branch of the Pennsylvania Institute for 
the Blind to build silicone insulated canned 
motor-pumps ranging in capacity from 40 
to 310 gpm. In addition to assembling the 
pumps, the blind workers also build the 14% 
to 10 hp silicone insulated motors which 
power the units. 


The motor production and assembly oper- 
ations performed by these workers include 
uncrating, weighing, stacking, riveting and 
grinding laminations, cutting and inserting 
slot insulation, winding and inserting coils, 
insulating top sticks, wrapping, connecting, 
dipping and baking. 


The finished units, used primarily in the 
chemical and food industries, have only 


one moving part and can be disassembled 
in two minutes with a screw driver. An 
exceptionally low rejection rate highlights 
the fact that handicapped people are very 
capable workers, and proves again that 
electrical insulating components made with 
Dow Corning Silicones are easy to handle. 


The reliability of the motors proves that 
silicone insulation is the most dependable 
motor protection money can buy. No. 49 
ATLANTA °* 


BOSTON * CHICAGO + 


CLEVELAND ° 


Silicone News 


ELECTRICAL AND ELECTRONIC NEWS 


No. 12 


SILICONE-GLASS LAMINATES—NEW SOLUTION 


TO HIGH TEMPERA 


Faced with a need a 

for electrical or 

electronic insulat- 

ing parts that re- 

tain high physical 

and dielectric’ prop- 

erties at elevated 

temperatures, more 

and more design- 

ers are specifying 

laminated glass 

parts bonded with 

Dow Corning sili- 

cone resins. Typi- 

cal is Stromberg- 

Carlson’s use of : 

silicone-glass lami- | 

nates for coil spacers and insulators 
in military field-type telephone switches. 


While the cellulose acetate spacers pre- 
viously employed proved durable enough 
under normal conditions, they didn’t stand 
up in high temperature use. They failed 
quickly, for example, when continuing oper- 
ation with faulty circuits sometimes raised 
coil temperatures to 320 C (680 F). 


. ¥ *. 4 
ae 


the problem 
once and for all by replacing the acetate 


Stromberg-Carlson solved 


spacers with single-ply silicone-glass lami- 
nates supplied by Mica Insulator Company. 
According to Stromberg-Carlson engineers, 
the use of silicone bonded glass laminates 
has “increased the service life and depend- 
ability of the telephone switch.” No. 47 


Boost Insulation Resistance With Silicone Fluids 


Because Dow Corning 200 Fluid has 
better electrical resistance than wax at 
elevated temperatures, many designers 
use this high temperature liquid dielec- 
tric to increase the life and reliability 
of capacitors, small transformers and 
other electronic assemblies. 


Gudeman Company of Chicago, for 
example, impregnate their special line of 
miniature tubular paper capacitors for 
filter, by-pass and blocking service with 
Dow Corning 200 Fluid. 
Only about half as 
big as comparable 
conventional units, 
these  silicone-im- 
pregnated capacitors 
are designed to meet 
all the electrical and 
environmental re- 
quirements for Char- 
acteristic “K”, MIL-C-25A. 


While the insulation resistance of com- 


DALLAS * DETROIT ° 


LOS ANGELES * 


parable wax-impregnated capacitors at 
85 C (185 F) is only about 15 megohm- 
microfarads, the new silicone fluid impreg- 
nated units register 150 megohm-micro- 
That's 
insulating 

No. 48 


farads at the same temperature. 


approximately ten times the 


efficiency of conventional units. 


Send Coupon for More 
Information 


DOW CORNING CORPORATION - Dept. 4520 


Midland, Michigan 

Please send me 4] 48 49 
NAME 
TITLE 

COMPANY 

a 


CIT cence cree OT crrccicenece 


NEW YORK * WASHINGTON, D.C. 


Canada: Dow Corning Silicones Ltd., Toronto; Great Britain: Midland Silicones'Ltd., London; France: St. Gobain, Paris 
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assured 


reliability 


AN and MINIATURE 
W AN-type CONNECTORS 


STANDARD and MINIATURE 
RACK & PANEL CONNECTORS 


HERMETIC SEAL 
COMPONENTS 


SOCKETS, PLUGS, AUDIO CONNECTORS 


STANDARD & SUBMINAX COAXIAL CABLE 


STANDARD & SUBMINAX 
RF CONNECTORS 


PRINTED CIRCUIT CONNECTORS 


AMPHENOL ELECTRONICS CORPORATION 


chicago 50, illinois 


AMPHENOL CANADA LIMITED toronto 9, ontario 
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mal condition, even failure of parts 
within the control, will short out the 
load relay. 

Normally the Load Sentry is fur- 
nished to operate on a-c. Upon request 
the device will be mounted in NEMA 
12 housings. It may also be mounted 
by customer in explosion-proof hous- 
ings. Assembly Products, Inc., Chester- 
land 14, Ohio. 
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SET SCREWS FOR 
MINIATURIZED EQUIPMENT 


Now available are Mini-Mite #0, #1, 
#2, and #3 set screws, in socket, 
socket cap and slotted styles, and in a 
variety of points. Designed for use in 
miniaturized equipment such as servo- 


Pinhead 
for size 
comporison 


mechanisms, electronic equipment, etc. 
The Mini-Mite set screws feature elim- 
ination of need for special design set 
screws, watchmakers’ precision, fully 
formed fine threads, uniformity for 
maximum contact with driving tools 
and special heat-treating to give high 
tensile strength without brittleness or 
decarburization. 

In addition to a variety of styles and 
points, new Mini-Mite #0, #1, #2, 
and #3 set screws are available in 
certain specified lengths, threaded 
lengths and special materials. Set 
Screw & Mfg. Co., 112 Main St., 
Bartlett, Tl. 
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RECTANGULAR-BASE 
CAPACITORS FOR AIR 
CONDITIONERS 

Line of rectangular base Pyranol ca- 


pacitors has been expanded to meet the 
growing needs of air conditioning equip- 
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KEEP UP-TO-DATE ON MAGNETICS 


Here are laminations for miniaturization 


If you are making transformers for transistorized or other 
miniaturized equipment, information about our ultra-small 
size “performance-guaranteed” laminations can be impor- 
tant news to you. These nickel-iron laminations are produced 
in standard gauges, and are available in Hy Mu 80, 48 Alloy 
and, if required, Orthonol. 


Dry-hydrogen annealed by our exclusive process, these 
laminations provide all-important uniform quality. This 
annealing at a dewpoint of -60°C. brings our Performance- 
Guaranteed laminations to ultimate permeability from as 
little as 5% of that value in the unannealed state. 


Like all laminations from Magnetics, Inc., the “miniatures” 
are packed in standard nine-inch boxes to facilitate handling 
in your plant, and are immediately available from stock. 
These features alone provide substantial savings. 


AUGUST 1957 


Edges of these fine tolerance laminations are cut off squarely 
and cleanly to minimize air gap where mating parts are 
butted. Thus, high operating efficiency is insured. 


There’s no room here for the really detailed story, but for 
complete information on our “Performance-Guaranteed”’ 
magnetic laminations, send for our newest catalog—just 
published—ML-301. Write today. Magnetics, Inc., Dept. 
EM-41, Butler, Pennsylvania. 


MAGNETICS ine. 
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CARBON BRUSH 


Maintain Constant Pressure or Tension 
USING A NEG ATOR’ SPRING 


In the NEG’ATOR Con- 
stant-Force Spring, 
design engineers now 
have a mechanical 
component which will 
maintain constant pres- 
sure or tension over all 
deflections. 

In vending apparatus, 
long NEG’ATORS are used to feed 
merchandise into dispensing posi- 
tion. In a belt grinder, NEG’ATOR 
Springs counterbalance a motor 
while keeping the drive belt taut. In 
a cam follower mechanism, a 
NEG’ATOR produces desired constant, 
minimum pressure. In motors and 
generators, NEG’/ATOR Brush Springs 
keep pressure on carbon brushes at 
a constant, optimum value to com- 
pensate for brush wear. 

As illustrated, one of the many 
design features of the new General 
Electric Co. KINAMATIC* Motors and 


- 


*Trade Mark of the General Electric Company 


THE HUNTER 


HUNTER SPRING COMPANY 


°°, 


SPRINGS @¢ 


Generators are the new brush holders 
which incorporate NEG’/ATOR Brush 
Springs. By utilizing NEG’aTors, GE 
engineers gained the following: 
(1) unvarying optimum pressure 
between brush and commutators; 
(2) elimination of periodic manual 
adjustments of brush pressure; (3) 
elimination of spring “hang-up”; 
(4) a one-piece assembly which is 
simple to fabricate and easy to 
assemble into the equipment; (5) 
easy, one-hand brush removal and 
replacement without tools. 
Wherever applied, NEG’ATOR 
Springs—used as extension mem- 
bers, long-running motors, as bands, 
clamps, or clips—have cut costs and 
improved products. Learn more 
about this new basic component. Re- 
quest a copy of Bulletin 310N. Or, if 
you’re interested in NEG’ATOR Brush 
Springs, write for Bulletin 310P. 


constant-force spring 


22 Spring Avenue, Lansdale, Pennsylvania 


STAMPINGS * TEST APPARATUS 
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ment. New, higher ratings have bee. 
developed with a minimum increase in 
capacitor height and no increase in 
base dimensions. The higher ratings are 
for single phase, central air condition- 
ing equipment. 

Typical ratings for the new large 
base rectangular capacitors are 30, 35 
and 40 mf at 440 volts. Base dimen- 
sions: 4% in. x 2°%2: heights, up to 8 
in. 

New ratings for small base rectar. 
gulars are 20 mf, 440 volts and 30 and 
35 mf, 370 volts. Base dimensions are 
214 in. x 2g in., with heights up to 8 
in. General Electric Co., Schenectady 
as Wi 
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ADJUSTABLE TEST CLIP 
ADAPTER 


Universal test clip adapter to fit banana 
type jacks is known as the 2-7 Test 
Clip Adapter. It features spring-tension 
test clips on top for simplified testing 
of resistors, capacitors, germanium di- 


odes and similar lead wire type com- 
ponents. Adjustable banana jacks un- 
derneath may be adjusted to satisfy 
any banana plug spacing from stand- 
ard 34 centers to 114 centers. 

Nickel plated spring clips insure 
positive contact everytime. Base is of 
electrical grade molded phenolic. Gray- 
hill, Inc., 561 Hillgrove Ave., 
La Grange, Ill. 
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TUBELESS MAGNETIC 
AUTOMATIC VOLTAGE 
REGULATOR FOR HF DUTY 


Automatic Voltage Regulator, Type 
TMH7101, is designed for 400 cycle, 
single phase applications where re- 
quirements demand small, light weight 
equipment. Featuring no tubes, tran- 
sistors or moving parts, the unit pro- 
vides constant voltage with excellent 
regulation and stabilization regardless 
of line voltage or load changes. 
Applications where failure at any 
time under the most adverse operating 
conditions cannot be tolerated or where 
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Mining motors 
for heavy-duty mine equipment 


depend on performance-proven 


ROCKBESTOS A.V.C. 


In building motors for heavy-duty coal mining 
machinery, leading motor manufacturers de- 
pend on performance- proven Rockbestos 

A.V.C. Motor Lead Cable. 


For example, in building motors for use in Joy 
Manufacturing Company's 20BU-1 high ca- 
pacity loader, the manufacturer specified and 

used Rockbestos Motor Lead Cable. This cable 
not only withstands oil and grease but also 
gives protection against starting overloads, 
high ambient temperatures and the many other 
operating tortures of heavy-duty mining 


equipment 


This Rockbestos A.V.C. Motor Lead Cable has 
also been performance-proven in mill motors 
and other heavy-duty stationary and traction- 


type motors. 


You, too, can get trouble-free wire perform- \ ROCKBESTOS 
ance by specifying and using Rockbestos A.V.C. ; 


Motor Lead and Apparatus Cable. Remember, <A “ PRODUCTS CORPORATION 
it ll keep its flexibility indefinitely — won't rot NEW HAVEN 4, CONNECTICUT 


or bloom when exposed to grease — won't NEW YORK, CLEVELAND, DETROIT, 
CHICAGO, PITTSBURGH, ST. LOUIS, LOS ANGELES, 


burn or carry flame. ATLANTA, DALLAS, OAKLAND, SEATTLE 


Write today for full details — ask for Specifi- 
cations RSS-98 
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Design for a Successful Spring 


maintenance is not possible over long 

periods of time. The unit can be or- 

dered cradled on a shock mount. Input: 

95-130 volts for nominal output voltage; 

output: 115 volts nominal, adjustable 

from 110-120 volts; load: 1.0 kva; 

stabilization and regulation: 1.0 volt 

bandwidth for line voltage variation, 

a | output load current and load power 
factor changes. Size: 734” x 5” x 1484” 

to fit military standard case MS91403- 

8 Pee AIB. The Superior Electric Co., Dept. 
- TT: for Te 7 Quantities TMH, 83 Laurel St., Bristol, Conn. 
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i enh siete: SIZE 18 MOTOR-GENERATOR 
a Packaging oan ria Ta4 | Newly introduced is a new Size 18 


motor-generator in which the maximum 
rms null voltages are 13 millivolts total 
and 8 millivolts fundamental. 


B Engineering Service 


These are the basic elements necessary to design and produce 
a precision built spring. To supply the above elements takes 
skill, experience and imagination . . . ingredients that Accurate 
Spring provides every one of their customers every day. 


Accurate makes millions of springs a month—precision 
springs held to close tolerances by rigid quality control and 
inspection. Production schedules for large quantities are 


planned well in advance. Customers are assured of deliveries Motor and the generator are the 
: | equivalent of BuOrd Mark 16. 
scheduled to their needs. The motor and the generator are 


; : : combined in an assembly having a 
Proper packaging is necessary too, for ease of handling and | gimaiy aah, Set Maleaiec tx 000 
speeded production. Untangling springs can be irksome and | in.; it is designed for operation on 400 
expensive. | cycles with a stall torque of 2.35 oz-in. 
Customary voltages are 26 volts or 115 
These facilities are here to serve you. Just write, outlining | volts on the fixed phase, and 26, 115 or 

your requirements and specifications. | 230 volts on the control phase. 
’ The generator, which has a 1.500 in. 
diam, is also designed for operation on 
400 cycles. G-M Laboratories, Ine., 

4300 N. Knox Ave., Chicago 41, Il. 
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SPRINGS 
WIRE FORMS 


STAMPINGS TEFLON HOOK-UP WIRE 
Designed to conform to MIL-W-16878B, 


ACCURATE SPRING MFG. C0., 3817 W. Lake St., Chicago 24, mM | high-temperature Teflon hook-up wire is 


now available in Types E and EE. A 


206 Write direct to advertiser ELECTRICAL MANUFACTURING 





where, how and why 


equipment designers apply 


aluminum’s advantages— 


et as 


1 =n 


The cost-and-weight-saving benefits 
of aluminum in conductors are an old 
story to utility men. ACSR, for ex- 
ample, has proved itself for 50 years, 
and today accounts for over 95% of 
the conductor in overhead transmis- 
sion lines. Covered aluminum con- 
ductors are also performance-proved 
in distribution uses. 

Much of this success is due the 
independent accessory manufacturers 
whose products have simplified the 
joining and support of these conduc- 
tors. Today more and more electrical 
equipment designers are taking ad- 
vantage of these developments by 
putting aluminum’s advantages to 
work for them — using more and more 
aluminum in generators, transformers, 
switches, motors, controls and other 
applications. 

Reason: Lightweight aluminum re- 
quires less support, is easier to install, 
carries more capacity per pound at 


lower cost. And, aluminum is strong, 
corrosion-resistant, and non-magnetic. 

Aluminum is workable, too. It is 
easily formed, joined, cast by per- 
manent mold method, die cast, ex- 
truded or welded. Finally, aluminum 
is available; it’s in ready supply now, 
and will be in the future. 

Investigate aluminum for ways to 
save in the weight, cost, installation 
and maintenance of electrical equip- 
ment — from power source to end use. 
For details and assistance in using 
aluminum, call on Reynolds Engineer- 
ing Service. Contact your nearest 
Reynolds office, or write Reynolds 
Metals Company, P.O. Box 1800-ED, 
Louisville 1, Kentucky. 


The Finest Products 
Made with Aluminum 


IMPROVING ELECTRICAL SYSTEMS CRUE RL 
FROM POWER SOURCE TO END USE.... REYNOLDS G2 ALUMINUM 


See “CIRCUS BOY”, Sundays, NBC-TV. Watch for Reynolds on ‘‘DISNEYLAND"’, ABC-TV 
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ales 
BUILT-IN RESISTORS 


(a patented Dialco feature) 


for operation on 105-125V. or 210-250V. 


The required RESISTOR is an integral part of 
the unit — BUILT IN (Pat. No. 2,421,321). 


Also, simple external resistors for all higher voltages. AON Bisa 
ARI 'T. 


a at) ys 


Choice of fluted or clear 
fy.) Tee Tull Meise) 2 ele 
PTT gt ae 


Every assembly is available complete with lamp. 
SAMPLES ON REQUEST AT ONCE — NO CHARGE 


FREE Brochure on “Selection and 
Application of Pilot Lights” 


Also write for our latest Catalogues. 


Available for both 9/16” 
and 11/16” mounting 
clearance holes. 


Foremost Manufacturer of Pilot Lights 


era DIALIGHT 


CORPORATION 


60 STEWART AVE., BROOKLYN 37, N. Y. e HYACINTH 7-7600 
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y 
COMPLETE ELECTRICAL 
MAINTENANCE IN 


OMS 


INSTRUMENT 


PLANT AT 
BROOKLYN, WN. Y. 


wEGOHMS-OHMS-VOLTS 


MODEL 201 


VIBROTEST 


Maintenance men’s and electricians’ most 
useful tool, Vibrotest is the “packaged” 
electrical maintenance instrument that 
saves time and effort—and gives you 
accurate test results. 

Size, only 6"x84%"x 814". PRICE, $129.75, 
Delivery from stock, F. O. B. Chicago. 
For complete data on all Vibrotests, 
write for free Bulletin 2A. 


@ 0-200 megohms at 500 V. D. C. 
test voltage 


@ 0-2,000 ohms 

@ 0-150, 300, 600 volts A. C. 
@ 0-150, 300, 600 volts D. C. 
@ Easy-to-read 4/2" meter 

@ Completely portable 

@ Push-button operation 

@ Battery power supply 

@ Rugged steel case 


ASSOCIATED ReseWecn 


teomppenated! 


“Precision Instruments Since 1936” 


3794 BELMONT AVENUE e CHICAGO 18, ILLINOIS 
Export Dept., 308 W. Washington Blvd., Chicago 6, Iil. 
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approximate! 


wide variety of colors and gages are 
represented in the new line. 

Features include ease of processing 
in automatic stripping machines be- 
cause of the concentricity of Teflon 
insulation over tightly stranded wire. 
Also: ease of tinning because of mini- 
mum of 40 microin. silver-plating on 
all wires. Amphenol Electronics Corp., 
1830 S. 54th Ave., Chicago 50, Ill. 
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HIGH-ALTITUDE, HIGH SPEED 
SAMPLING SWITCH 


Precision switch has a_hermatically 
sealed case designed for high altitude 
military and commercial equipment. 
Switch can be obtained with up to 
2 poles. with 30 nonshorting channels 
per pole. The switch is driven by either 
a 28 volt d-c motor equipped with a 


governor, arc-suppressor and an rf filter 
400 eps 
hysteresis synchronous motor. Special 
constant force perma brushes and semi- 
molded contact plates insure long serv- 
ice-free life. 

Approximate dimensions as shown 
are 2.750 in. x 4.940 in. x 3.870 in. 
Typical applications: high-altitude tele- 
metry systems, multichannel data sys- 
tems. error indicating systems, among 
others. 

Current models include single or 
multiple pole, stacked, concentric, op- 
posed, raised contact, segmented or 
printed circuit design. General Devices, 
Inc., P. O. Box 253, Princeton, N. J. 
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or an 115-volt, single phase, 


ALUMINUM CAST STANDARD- 
DUTY FLEXIBLE COUPLING 


A new aluminum cast flexible coupling 
using a one-piece spider-type load 
cushion combines light weight and long 
service life. 

The load is transferred entirely by 
cushion compression, thus eliminating 
wear and abrasion on the metal jaws. 
Since only the load ends are under 
compression on non-reversing loads, the 


ELECTRICAL MANUFACTURING 





When measuring high limits 
DON’T 


turn fixed gage onto screw 


vt 


turn screw into gage holding 
head by 2 fingers to insure 


When gaging gages 


DON'T use handle on set plug 
<7 when setting fixed gage 


DO turn plug by the shank with 2 
~—<—"__ fingers to insure correct torque 


A 


Ki 
om 


Ma 


DO 


check variable gage for ex- 
cessive play 


These illustrations from new SPS booklet show some of the do’s and don’ts of gaging precision threads. 


3A threads: what they are; how to 
gage them — new SPS booklet tells all 


Threads made to Class 3A fit are the most precise in general 
use in industry. But you do not always get the 3A precision 
you specify. Because of many different gaging techniques that 
yield varying results, screws with threads well outside the Class 
3A tolerance limits often pass inspection. 


SPS has prepared a new booklet on this subject. It explains 
clearly what Class 3A threads are and the pros and cons in- 
volved in the widely varying gaging techniques in use today. It 
reviews the gaging of high and low limits of 3A threads, sam- 
pling techniques, and even the methods of gaging gages. 


All standard UNBRAKO socket screw products fall within 
specified tolerance limits no matter what method is used to gage 
them. Leading industrial distributors carry complete stocks. 
Unbrako Socket Screw Division, STANDARD PRESSED STEBL 
Co., Jenkintown 9, Pa. 
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See us at the WESCON Show, 
Booth 3213 


Form 2239, “Class 3A Threads: what they 
are; how to gage them.” 16 pages, with 
many illustrations. Write for free copy today. 


STANDARD PRESSED STEEL CO. 


—sannl 
UNBRAKO socKer screw DIVISION $ 


JENKINTOWN PENNSYLVANIA 
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THERMAL DESIGN PROBLEMS ? 


(Here’s big news about thermally stable Hymu “80” laminations) 


EUREKA! FROM -59°C TO +85°C THEY 
THIS 1S IT!.. REMAIN STABLE AND NO 
WE WILL CALL THEM OTHER LAMINATION CAN 


THERMALLY STABLE MAKE THAT STATEMENT! 
LAMINATIONS! 


YEP! USE THERMALLY 


STABLE LAMINATIONS 
WHERE HIGH PERMEABIL- 


\TY MUST REMAIN CON- 
STANT OVER A WIDE 


entire spider may be reversed for dou- 
ble service-life. Cushions are plainly 
visible for quick inspection at all times. 
Lubrication is never required. 
Cushions are made from Buna-N, 
high grade oak tanned leather, bake- 


lite, or bakelite—Buna-N combinations. 
Depending on the choice of cushion- 
ing materials, the coupling may be 
Ya, OF THE VARIATION equipped for a variety of severe operat- 
IN THIS MATERIAL ing conditions. Body of the coupling 
COMPARED WITH . a oa seeming 
ia ings. Total weight, approximately 4 lb. 
REGULAR HYMU "ZO" Model 1-075 is rated for loads of 
‘40 hp at 100 rpm. up to 2 hp at 3600 
rpm. Bore sizes range from 14 in. to 
Y in. (in 146 in. increments.) Lovejoy 
Flexible Coupling Co.. 4802 W. Lake 
Se... Chicago 44, Ill. 
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TEMPERATURE RANGE 
CURVES SHOW 


WE ASKED 4,852 TOP 
ENGINEERS AND GUESS 
WHAT WAS MOSTLY 
ON THEIR MINDS?.. 


WE HAVE MORE 
INFORMATION FOR 


You!. “JUST ASK ASK US! 


THYRATRON HAS 1 AMP 
AVERAGE RATING 


Featuring a 31%-in. overall height, Type 
XR-764 Thyratron has a 1 amp aver- 
age rating. 

The Xenon-filled tube has an octal 
(8-pin) base and top cap and a 10 yolt 


Magnetic Metals Company is processing Hymu ‘‘80”’ transformer lami- 
nations which will remain stable at temperatures from —55°C to +85°C. 
Core designers will find of great value the combination of thermal stability 
and reliable high permeability at low density. Laminations for a variety 
of applications are available in this material. 


NGNELIC METALS COMPANY 


ELECTROMAGNETIC CORES and SHIELDS 
HAYES AVENUE AT 21st STREET » CAMDEN 1, N. J. 
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NEW miniature switch... 


4 Ee MINIMUM DEPTH BEHIND PANEL— 
ONLY 54” FORA 
SINGLE-SECTION SWITCH 


SWITCH SECTION IS ONLY 1/16” THICK 


MINIMUM SPACE BETWEEN SECTIONS— 
< 5/16” WITH CLIPS ON FRONT AND BACK 
6 


SPECIFICATIONS 


Index —Double ball bearing, hill and valley type with 
stainless steel spring. Fixed and adjustable stops, and 
locating key available. 


Shafts and Bushings— Vy,” shaft with %-32 bushing 
is standard; 5/32” shaft with 34-32 bushing and 14” 
shaft with 4-32 bushing can be supplied also. Water 
seal bushings optional. 

Sections —8, 10, or 12-position, stacked in any number 
up to a total depth of three inches. The 12-position sec- 
tion provides up to 18 insulated contacts—12 on front, 
6 on back. No insulating blocks are needed on back. 


8-Position 10-Position 12-Position 
(45° throw} (36° throw) (30° throw) 


1 pole 

2 poles 
3 poles 
4 poles 
5 poles 
6 poles 


Clips—solid spring-silver alloy or silver-plated spring 
brass, fastened by solid rivets. 


Insulation—Stator is silicone fiber glass, meeting speci- 
fication MIL-P-997 type GSG; rotor is KEL-F®, known for 
its excellent mechanical and electrical properties. 


Finish—Commercial or 50 and 200-hour salt spray. 


OAK: ? 


1260 Clybourn Avenue, Dept.H, Chicago 10, Illinois 
Phone: MOhawk 4-2222 


SWITCHES ¢ ROTARY SOLENOIDS e CHOPPERS @ SPECIAL ASSEMBLIES ¢ VIBRATORS « TUNERS 
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FLUOROFLEX 


products for electronic uses 


RODS 


3) 


SHEETS 


... made of KEL-F® 


FLUOROFLEX-C sleeving is the ulti- 
mate in Class H insulation for 
tight spaces and hot spots. Ex- 
truded from a new type of Kel-F 
resin which has improved flexibil- 
ity and elongation, it assures free- 
dom from porosity encountered in 
other more costly sleevings for 
356°F service. 


Available in wide range of sizes, 
transparent and in translucent 
standard colors. Send for data. 

@® FLUOROFLEX: Resistoflex trademark. 


TEFLON: DuPont trademark. 
KEL-F: Minnesota Mining & Mfg. Co. trademark. 


... made of TEFLON® 


FLUOROFLEX-T “electrical grade” 
products are produced with no 
porosity. Conformance to AMS 
3651 is certified. This assures re- 
liability for even the most critical 
high frequency applications. 


All Fluorofilex-T rods, sheets and 
tubes are stress relieved for uni- 
form parts, easier machining with 
fewer rejects. Available in wide 
range of dimensions. Send for de- 
tails and quotations. 


OL 
aT 


ATT: 


20th year of service to industry 


drop in use. Filament voltage and cur- 
rent is 5 volts and 3 amp, respectively, 
with a heating time of 120 sec. Peak 
forward and inverse voltages are 500; 
d-c start (plus 3 volts grid) is 25, with 
25 volts emission at 30 amp. Deioniza- 
tion time is 200 microsec or less. 

relays, inverters and 
exciter regulators will be able to utilize 
the XR-764. Continental Electric Co., 
6 North Michigan Ave., Chicago 2, Ill. 


Circle No. 540, Reader Inquiry Service Cards 
on page 17 


\ pplications: 


2 INCH DIAMETER PRE- 
CISION POTENTIOMETER 


In a completely enclosed, high resolu- 
tion 2 in. diam potentiometer, the small 
diameter cylindrical Kohlrausch _re- 


sistance element is enclosed in slim, 


one piece housing molded of glass- 
reinforced alkyd. 

Series HP-200 can be supplied singly 
or as multiple ganged units. Mountings 
include piloted servo or three tapped 
holes. Power dissipation is 3 watts. 
Mechanical rotation is 360 deg. Up to 
16 taps can be provided, depending on 
spacing. Precious metal brush, col- 
lector and tap contacts, together with 
hard gold plated terminals and _ slip 
rings, are standard design features. 
De-Jur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1, N. Y. 
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DIFFERENTIAL PRESSURE 
SWITCH FOR EXPLOSIVE 
ATMOSPHERES 


Sensing a pressure difference between 
two variable pressures or a variable 
and a reference pressure; Model 932 
is available in 4 classes of proof pres- 
sures from 500 to 12,000 psi. This pres- 
sure switch permits opening or closing 


RESISTOFLEX | 


CORPORATION © Roseland, N. J. 


* Western Plant: Burbank, Calif. 


Southwestern Plant: Dallas, Tex. 


WAREHOUSING DISTRIBUTORS: Calif., Chula Vista, Los Angeles, San Francisco — Western Fibrous 
Glass Prod. * Conn., Hartford — Industrial Safety Supply Co. * Del., Wilmington — Briggs Rubber Co. « 
Ilinois, Chicago — Colonial Kolonite Co.; Dearborn Rubber Corp; Flow Products, Inc. * Mass., 
Norwood — Laminated Sheet Products Corp. * Md., Baltimore — Briggs Rubber Co. * Mich., Detroit — 
F. B. Wright Co. « N. Y. & N. J., Allied Plastics Supply Corp. * Ohio, Cleveland — Koehler Rubber & 
Supply Co. * Pa., Phila. — Briggs Rubber Co.; Pittsburgh — Shields Rubber Corp. * Texas, Houston — 
Lone Star Rubber Co. * Wash., Seattle — Western Fibrous Glass Prod. 
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“Water-sealed” by Polyken 


Complete line of Polyken Waterproof Since these tapes come backed with vinyl or 


polyethylene film—or cloth coated with 
Tapes seal out water (and dust... pyroxylin, vinyl or polyethylene—they fit into 


and airborne contamination) every packaging scheme. 


If you make a product that might suffer from Money-saving features 


exposure, take note: Polyken tapes do other jobs, too. Reinforce 


The reason, of course, is that Polyken tapes ... protect ... mend... insulate. 

can provide watertight, dustproof seals against You’ll like their ease of application (right 
the elements. Each tape is constructed to from the roll), saving many man-hours of labor. 
meet rigid government and industrial require- Send the coupon for complete information, 
ments for moisture barrier sealing. or tell us your particular packaging problem. 


: 
Poluken 


Polyken, Dept. EM-H. 
INDUSTRIAL TAPES 


309 West Jackson Bivd., Chicago 6, Illinois 

Please send me your latest literature and data file on the complete line 
THE KE Mm) DALL COMPANY 
Polyken Sales Division 


of Polyken Waterproof Tapes 
PO ctccnccns Title_ 
es 


Street Address. 


p------------- 
Deep sree ots cos ees cee gems cass es a 
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(QDEAD simever 
HUB-LUGS* 


*patent applied for 


A simple, quick way to assure a moisture- 
proof, strong, rigid, durable mounting of 
fittings in machinery electrical systems. 
Stops costly drilling of holes in backs of fit- 
tings. Provides positive seal against shorts, 
equipment breakdown. Meet N.M.T.B.A. 
and J.I.C, recommendations. Made to fit 
Ideal-Simplet rectangular and FS, FD 
fittings only. 


+.. and only 
completely 


REUSABLE 


eat CONNECTORS 


for liquid - tight flexible metallic conduit 


SIMPLET 


gq 


~ 
Easy to apply. Positively seal out vapor, 
oil, water, dust. Tremendous gripping 
power thru serrations on split ring. U.L. 
Approved by 200-Ib. pull test. Fit both 
EF and UA conduit. 


{ 
SEE YOUR WHOLESALER = 
-.. NOW 


IDEAL-SIMPLET FITTINGS, Inc. 
A Subsidiary of ideal Industries, Inc. 
1008H PARK AVENUE, SYCAMORE, ILLINOIS 
PP SCee eee eee BeBe eee eee ee ee eee 
; Want More Details? Send Coupon now | 


8 IDEAL-SIMPLET FITTINGS, Inc. 1008H Park Ave., 
& Sycamore, illinois 


g Send all Hub-Lug and V.O.T. data with prices 1 
Send new catalog [] 
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of a circuit on increasing or decreasing 
pressure difference from 15 to 10,000 
psi at any point within the adjustable 
range of the model selected. 

Two parallel bourdon tube sensing 
elements provide extreme repetitive ac- 
curacy for the control delicate processes 
or the protection of sensitive instru- 
ments and equipment. 

Model 932 operates in any position 
with the entire mechanism housed in 
an explosion-proof Crouse-Hinds en- 
closure rated for hazardous locations. 
Class I. group C and D and class HI, 
group E, F, and G. 

The unit incorporates an Underwriter 
Laboratory approved snapaction, single- 
pole, double-throw switching element 
rated for a-c and d-c circuits. Recom- 
mended to operate relays, solenoids, 
motor controls and other similar de- 
vices. Barksdale Valves, Pressure 
Switch Div., 5125 Aleoa Ave., Los An- 
geles 58, Calif. 
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HERMETICALLY SEALED 
SAMPLING SWITCH 


Multichannel sampling switch, designed 
for use in a target designation system 
for fighter aircraft features a metal on 
metal hermetically sealed switch hous- 
ing that provides a dustproof, moisture- 


proof, explosionproof enclosure to allow 
the switch to run properly at high alti- 
tudes and under conditions of high 
humidity. 

This 3-pole 60-contact switch is de- 
signed to run at 20 rps with a life of 
500 hr. It will run at temperatures 
from —65 to 85 C at altitudes up to 
70,000 ft. Overall dimensions of the 
switch container are 3% in. x 34% in. x 
514 in. in length. Applied Science Cor- 
poration of Princeton, P. O. Box 44, 
Princeton, N. J. 
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ELECTRONIC SENSITIVE 
RELAY 


To meet need for a low-cost, trouble- 
free, extremely sensitive and adjustable 
control instrument, manufacturer has 
developed the Model B Micrelay. In- 


Better Dielectric Quality 
Low Cost 


UNIFORM QUALITY 
FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic partictes. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an absorbent, unsized 


material of great purity for use 
principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 


with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 


tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


A 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department 
230 Park Avenue 
New York 17, N. Y. 
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Crucible 
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m magnetic seals, too 


CRUCIBLE PERMANENT MAGNETS 


mean maximum energy—mMinimum size 


The consistently higher energy product of Crucible 
Alnico magnets allows smaller parts — greater com- 
pactness in special applications like this magnetic 
shaft seal. What’s more, the superior corrosion and 
wear resistance of Crucible Alnico insures far 
greater service life. 

You can regularly get Crucible permanent 


Alnico magnets sand cast, shell molded, or invest- 
ment cast to exact size, shape or tolerance require- 
ments . . . and in any size from a mere fraction of 
an ounce to hundreds of pounds. Crucible Steel 
Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


first name in special purpose steels 


Steel Company of America 
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KLEIN PLIERS 


CMe) cm Mm! 


307-512 





Many Klein Pliers are 209 
available with a coil spring 
to keep jaws in open position. |“~ 
Spring is guaranteed for the 
life of the plier. 








F 
ktein too A free copy of the new Klein 
= Pocket Tool Guide will be sent on request 
i ™ tO anyone interested. 


Above are shown a few Pliers from Klein has a pair just suited to your 
the complete Klein line. Many are needs. And every pair is backed by 
available with coil spring. No mat- the Klein name and reputation— 
ter what your requirement in pliers, famous for quality “since 1857.” 


ASK YOUR SUPPLIER 
Foreign Distributor: International Standard Electric Corp., New York 


Mathias es 4s & Sons 


RET THM, MeL POL be HITE 





216 Circle 225 on page 17 





eS a 


if 


oars 


corporating the advantages of maker’s 
mercury plunger relays, Model B also 
offers millions of silent, service-free 
operations without pitting, corrosion or 
sticking. The unit is dial-adjustable to 
any degree of signal sensitivity desired 
from 100,000 to 20 megohms input im- 
pedence. Up to 60 amp loads can be 
controlled from only a 2-microamp 











P 





source. 

Electronically controlled, the Model 
B is completely a-c operated with no 
d-c rectifiers or filter capacitors. Built- 
in power line isolation permits full 
flexibility of external control circuitry. 
The unit employs one commercial 2D21 
miniature thyratron and is available 
with mercury plunger relays of 20, 35 
or 60 amp contact ratings at 115 volts 
a-c. Normally open or normally closed 
contacts can be selected by means of 
a panel switch control. Combinations 
of these contacts are available in one, 
two and three pole construction as re- 
quired. Power inputs of 155 volts a-c, 
208 volts a-c and 230 volts a-c, are 
provided. Ebert Electronics Corp., 
212-26 Jamaica Ave., Queens Village 
aM. 2 
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HERMETIC AXIAL 
ACCELEROMETERS 


Axial accelerometers that feature ex- 
tremely low cross talk (0.01g/g max.) 
and low threshold sense linear accelera- 
tion by means of a spring-supported, 
linear ball-bushing mounted mass which 





moves along a case hardened shaft. 
Output linear with acceleration is sup- 
plied by high resolution precision 
potentiometer pickoffs (to 300 wires). 
The instruments are available in ranges 
from +1 g to +40 g, with undamped 
natural frequency ranges from. 7.8 to 
54 cps. 

Hermetically sealed and oil damped, 
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NEARLY 19 YEARS 
CONTINUOUS 
OPERATION! 


FT. WAYNE, IND., MAY 17: 19 years, 6 
months and 2 days ago this standard General 
Electric unit-bearing fan motor was picked at 
random from the production line and placed 
on continuous life tests in the General Electric 
Laboratory. Today it failed. 


DAY AND NIGHT: Operation throughout the 
entire period was interrupted only by plant 
shutdowns since 1937. During 165,048 hours 
actual running time, the motor was not oiled 
or maintained in any way. Under summer fan 
duty the motor would have operated approxi- 
mately 110 years, according to General 
Electric Company engineers. 


SINCE 1937: Millions of General Electric unit- 
bearing fan motors have been placed on re- 
frigerator and freezer condensing fans, unit 
heaters and other applications. Major im- 
provements have been made in G-E motor 
design throughout this period .. . extra-long 
life oils, a patented oil retention system, and 
new insulating materials. 


Improved design and more precise manu- 
facturing and testing methods—all con- 
tribute to General Electric’s progress in 
making motors better and better. 


This motor is an example of General Elec- 
tric’s specialty motor engineering skill which 
has led to development of such specialized 
units as an 18 pound motor which develops 
37 hp and a new motor which operates com- 
pletely submerged in boiling aviation fuel. 
This is the talent you buy when you ask for— 
General Electric. 


For more information on General Electric 
fan motors, contact your nearest General 
Electric Apparatus Sales Office, or write 
Section 632-9, General Electric Company, 
Schenectady 5, New York. 


GENERAL @@ ELECTRIC 
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th immortality 


applications where extended long 

ability are imperative, the C-D UPB 

} normally long-life electrolytic succumbs. 

jon systems, telephone networks, laboratory 
$, computing equipment, military and aircraft 
e — having this extra high degree of 


RAW MATERIALS — FINEST 


TYPE UPB ELECTROLYTIC. eueecr ane deme Sm eppbued 
acceptable for commercial capac- 


materials are used in 
¥: ; step is meticulously supervised 
atmospheric humidity and temperature 


g and manufacturing skill 


engineerin 
years of experience is built into this UPB. 
is an electrolytic capacitor with “Immortality” 


negeed that of the conventional high-grade 


anti 


capacitor. . m, CORROSION 


TREATED CA 


MOUNTIN 


TURRET 
TERMINAL TERmenat 
IDENTIFICATION os 


CORNELL-DUBILIER CAPACITORS 


SOUTH PLAINFIELD, N. J.; NEW BEDFORD, WORCESTER & CAMBRIDGE, MASS.; 
PROVIDENCE & HOPE VALLEY, R. 1.; INDIANAPOLIS, IND.; SANFORD, FUQUAY 
SPRINGS & VARINA, N. C.; VENICE, CALIF.; & SUBSIDIARIES, THE RADIART CORPO- 
RATION, CLEVELAND, OHIO; CORNELL-DUBILIER ELECTRIC INTERNATIONAL, N. Y 
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the small accelerometers are con- 
structed to withstand the most severe 
airborne environmental conditions. 
Noble metal alloys are used in both 
windings and brushes of the precision 
potentiometers to minimize friction and 
noise, and to insure long, trouble-free 
operational life. 

The compact, low cross-talk, high 
energy axial accelerometers are well 
suited to control, telemetering, and 
recording applications. G. M. Giannini 
& Co., Inc., 918 East Green St., Pasa- 
dena, Calif. 
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SILICONE RUBBER 
COMPOUND FOR WIRE 
INSULATION 

Silicone rubber compound specifically 
designed and manufactured for wire 
insulation was planned for use on air- 
craft wire, motor and apparatus lead 





wire, defroster and hook-up wire, atomic 
Navy cable and other wire applications. 

SE-975 wire insulation may be used 
in long service at 150 C and for many 
applications at 200 C. Capable of with- 
standing intermittent exposure to tem- 
peratures as high as 250 C, it will pro- 
vide increased margins of safety under 
severe operating conditions. Physical 
properties after a cure of 1 hr at oe F 
include 1150 psi tensile strength, 425 
per cent elongation, and 125 psi tear 
strength. The compound is furnished in 
white and may be tinted to obtain a 
wide range of colors. 

Characteristics of the compound 
make it especially suited for thin wall 
extrusions. Silicone Products Depart- 
ment, General Electric Co., Waterford, 
Nn, 
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HERMETIC GLASS CASE 
HIGH-VOLTAGE CAPACITORS 


Ranging from 600 to 50,000 volts and 
from 0.0001 to 0.5 mfd., line of high- 
voltage plastics capacitors has_her- 
metically sealed glass case. High volt- 
age capacitors are also available in 
CP-70 cans or in enclosures made to 
customer specifications. 

The Glass-kase capacitors are de- 
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mouldings 


‘Superior otainless 


STRIP STEEL 


The bright world of applications for 

mouldings of Superior Stainless tells — 
the story fast: wherever these mould- _— 
ings are used, profit is part of the 

picture ! Profit in fabrication, through 

Superior’s uniform ease of working 

... profit in sales, from outstanding 

value appeal .. . profit in customer 

satisfaction, which builds more busi- 

ness! @ Let us send you the Superior 

Stainless Strip Steel Brochure. 


= Superior Steel * 
3 CORPORATION 
CARNEGIE, PENNSYLVANIA 





LABORATORY TYPE 
CURRENT TRANSFORMER 


Accuracy 2 of 1% 


THIS NWL CURRENT TRANSFORMER is for measur- 
ing extremely low power factors down to 3% with 


phase angle error to 2.4 minutes leading. The accu-' 


racy is ¥2 of 1% 


The current rating of the transformer pictured 
above is 500/5 amperes. Can be made from 1 to 
10,000 amperes. 


The same laboratory accuracy can be applied to 
instrument potential transformers. 


Nothelfer Transformers are vacuum-pressure 
impregnated . . . all joints over 10 amperes are 
silver plated, conservative copper and steel, Lami- 
nations, oriented and most silicone steels are 
annealed in accurately controlled nitrogen atmos- 
phere electric furnaces. 


WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 101, TRENTON, N. J. 
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signed to take advantage of specific 
desirable properties inherent in various 
types of plastic dielectrics, such as 
cellulose acetate, polyethylene, Mylar, 
Teflon and polystyrene. Easy to mount, 
they require little chassis space and 
remain impervious to moisture. 

Applications include oscilloscope 
circuits. electronic computers, differ- 
ential analyzers. Geiger counters, RF 
and pulse circuits. U. S. Electronics 
Development Corp... 1323 Airway, 
Glendale 1. Calif. 
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ADJUSTABLE OPERATING 
SHAFT DISCONNECT IN 30-, 
60-, 100-, AND 200-AMPERE 
RATINGS 


Line of Style HCI disconnects with ad- 
justable operating shafts in 30-, 60-, 
100-, and 200-amp ratings feature tele- 
scopic operating shafts eliminating 
need for supporting structures thus 


compensating for differences in depth 
between enclosure and disconnect in 
control centers, switchboards, machine 
tool control panels and other electrical 
control equipment. 

Both standard and long length shafts 
are available. 30-. 60-, and 100-amp 
switches have operating shafts with an 
adjustable range of approximately 2 in. 
The 200-amp devices have a range of 
approximately 5 in. With the long 
length shafts it is now possible to 
mount the 200-ampere switches in boxes 
up to 20 in. deep and the smaller 
switches in boxes up to 14 in. deep. 

All switches feature individual pole 
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DAV a AE ie 
slectrical wonder rubber OFFERS TRIPLE VALUE 


Performance! Versatility! Economy! In all three, Enjay Buty] is the world’s 
outstanding rubber value. In a wide variety of applications, Enjay Butyl 
rubber stands unmatched in its ability to resist ozone and corona, impact and 
abrasion, moisture and weathering... properties that contribute to the 
outstanding performance of Butyl-made products. 


Instrument transformers, underground service cables, high voltage indus- 
trial cables... in these, and many other electrical applications, Enjay Butyl 
out-performs and out-lasts all other types of rubber, synthetic or natural. 
Low-in-cost and immediately available, this truly wonder rubber may well be 
able to cut costs and improve performance in your products. For further 
information, and for expert technical assistance, contact the Enjay Company. 


Ensay) Pioneer in Petrochemicals 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron Boston Chicago « Detroit * Los Angeles * New Orleans + Tulsa 
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BUTYL 


Enjay Butyl is the greatest rubber value 
in the world . . . the super-durable rubber 
with outstanding resistance to aging « 
abrasion « tear « chipping « cracking « 
ozone and corona « chemicals « gases « 
heat « cold « sunlight + moisture. 
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For Machine 
Tool 
Builders... 


\\\ wa 


Dust-Splash Proof 


ACRO 


METAL CLAD SWITCH 


SEALED PLUNGER 


ya 


PLUNGER 


hin 


ROLLER PLUNGER 


e 


ROLLER LEAF 


Now the popular ACRO basic switch is 
available for many machine tool require- 
ments in a new die cast aluminum hous- 
ing. Seals out dust and liquids for longer 
life. Four types of actuators to meet your 
specific need. Flange or side-mounts in 
any position. Electrical rating: 15 amps., 
115 volts A.C. or 34 H.P. 


Now ACRO and Robertshaw-Fulton 
Controls Company are working together 
to give you even better service on highest 
quality, competitively-priced switches. 
Write for complete information and 
application engineering help. 


o CONTROLS COMPANY 


ACRO DIVISION 


Columbus 16, Ohio 
In Canada: Robertshaw-Fulton Controls (Canada) itd. Toronto 
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units, convertible top fusing, choice of 
up or down and left to right switching 
motions, minimum number of mounting 
points and cover interlocks. Circuit 
Protective Devices Dept., General Elec- 
tric Co., Plainville, Conn. 
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TRANSISTORIZED D-C POLAR 
RELAY HAS BUILT-IN 
PREAMPLIFIER 

Useful in speed regulation circuits and 
other uses transistorized polar relay is 
an adaptation of maker's Microposi- 
tioner with a built-in transistor pream- 


~ 


» 


plifier, requiring greatly reduced input 
power to operate the contacts. 

MYZA units are available with three 
types of contact operation: Form K or 
“null-seeking” calibration; form M, 
known as “memory type” calibration; 
and form C, snap-acting calibration. 
Three types of enclosures can be sup- 
plied. MYZA relays are designed to 
individual applications. Barber-Colman 
Co., Electrical Components Div., 1400 
Rock St., Rockford, Il. 
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COMPACT PNEUMATIC 
TIMING RELAY 


Small narrow-base pneumatic timing 
relay introduced to meet the restricted 
space requirements of machine tool 
control panels and similar industrial 
equipment measures only 21% in. wide x 
752 in. high. It offers an adjustable 
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..EIMACS CERAMIC 3CX100A5 
... SUCCESSOR TO THE 2€39 FAMILY 


The Eimac 3CXIOOAS5 Triode is Mechanically and Electrically 


Interchangeable With and Superior to the 2C39 Series. 
HERE'S WHY: — 


© Greatly increased life The 3CX100A5 overcomes every previous disadvantage of 
10% more power output at 2500 mc. 


the 2C39 types. This planar premium quality ceramic triode 
Full ratings to 60,000 feet withstands extraordinary thermal and mechanical shock. The 
Sustained performance at elevated temperatures ; 7 : 
; long pulse cathode evaluation test guarantees electrical uni- 
Lower inter-electrode leakage : : G Ey 
Ruggedized, low-noise grid formity of every 3CX100A5. This new ceramic tube will give 
Fixed-tuned cold cavity resonance tested the lowest cost per hour of operation of any 2C39 type tube. 
Long pulse cathode evaluation tested i The 3CX100A5 is the tube of today, for future design as well 
Positive grid voltage and current division tested isti i ' b £ th 
Axial contact areas held within plus or minus .010” ~ a ee ae Pees ee - - - 
Tighter capacitance limits Eimac tube family, the 3CX100A5 is now available in any 
Critical dimensions held to close tolerances quantity. 
Provision for easy tube extraction 


See Eimac Tubes That Can Take It at WESCON, San Francisco 
Cow Palace, August 20-23, booths number 1706 and 1727-28. 


EITEL-McCULLOUGH, INC. 


S$ A WN Se Rk UN SO SS a et Se FP wT & 


Etmac First with Ceramic Tubes that can take it 


TYPICAL OPERATION 3CX100A5 
AM 
DC Plate Volts 600 OC: Plate Amps: ¢... . ew. d 
DC Grid Volts —16 Power Output, Watts 

































timing range of 0.2 sec. to 3 min. with 
an accuracy of +10 per cent. The de- 
vice can be quickly converted from on- 
delay to off-delay operation—or the 
reverse—without the need of special 
tools. 


© - sTeP SPEED CONTROL 


bedi heli The a-c version, designated—Class 
9050, Type B, may be used on circuits 
up to 600 volts. One or two double- 
circuit, instantaneous interlocks can be 
supplied with the Type B or added 
later. A model with the same charac- 
teristics is also available for d-c cur- 
rent. Square D Co., 4041 N. Richards 
St., Milwaukee 12, Wis. 
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REPULSION-START 
INDUCTION SINGLE-PHASE 
MOTORS IN NEW FRAME 
SIZES 





Repulsion-start induction single-phase 
motors, in integral horsepower 4-pole 
rating 1 through 5 hp, are now being 
built in new NEMA frames 182 
through 254U. 

Placing these motors in the new 
frames making them interchangeable 





e Easy to install...simple to service! 
e No troublesome protective relays! 
e No flashing contactors! with capacitor-start and small poly- 


phase motors of the same ratings, was 


- No complicated electronic adjustments! accomplished without changing in any 


way their electrical characteristics. 





Specially designed for machines where friction or torque is con- we o iy es a es 
; use n mee 2avy sta g ] 
stant from high to low speed. Motor-generator set, controller and Se ee ee eee Oe 


: 5; s acts requirements, because of its ability to 
drive motor can be mounted independently, in any position. sepeanillly ctntt tneey tocde sith lew 


@ One control for all adjustments. 0 to 2400 RPM in 30 steps of current, with minimum light flicker. 
80 RPM. forward or reverse. | Wagner Electric Corp., 6400 Plymouth 
; Ave., St. Louis 14, Mo. 
@ Totally enclosed Streamcooled construction ...vernier rheo- Circle No. 551, Reader Inquiry Service Cards 
on page 


stat for infinite speed control between steps... jog switch for 
machine adjustments... reversing switch changes rotation... 
many other features. 


@ Ideal for use on conveyors, pumps, mixers, shaker screens, SUBMINIATURE 
packaging machines, fans and blowers, farm machinery, gover- ENCAPSULATED RESISTORS 


nor controls, similar machines. Small size with extended resistance 


value range are characteristics of new 

For complete engineering data encapsulated WWA type wire wound 
write for Bulletin SP-600 subminiature resistors. The  encap- 
sulating material, like all othe: resistor 
material, has been carefully selected 
4 A a 2] oO ke is a a C si 4 a « « re) a a yy ae 4 for coefficient of expansion character- 
| istics to eliminate the possibility of 

4353 DUNCAN AVE. See CMM tittell] tam | distorted windings and shorted turns. 
i Twelve sizes from 3g x 1% in. to 2 x 
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* Many different types of steel are 
required in the manufacture of 
kitchen accessories. — Stainless Steels 
for trim and assemblies that come in 
contact with foods — Alloy Steels 

for parts that must absorb punish- 
ment — Carbon Steels for cutting 
blades, frames and cases. The ability 
to constantly produce a wide variety 
of quality steels is another reason 
why Sheron has always been a lead- 
ing supplier to this ever expanding 


For 56 Years 
SHARONSTEEL a Quality Name 


in Steel 


ICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, 





DURAKOOL 


Tilt Switches | 
are the Life of your 


Automatic Controls 


Tilted Down 
—On 


This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 
tures that deliver years 
of trouble-free pertorm- 
ance on the most difficult 
assignments you can find. 
OF CYCLES Operating under sealed- 
FALTERING in, pressurized hydrogen 
> gas, it takes 24 hours, tast 


Jus , cycling schedules in stride. 
See telephone directory for local distributor, or write. 7 sizes, 1 to 65 amperes. 


DURAKOOL, INC. Send for Bulletin 525. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


eo es 


‘Durakool 2:3", 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


ewogpeed Vr stse0 ee) a0 las eT 
4 Godwin Ave. 


Paterson. N. J 
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he 
See, 
‘ase 
14 in. are available. Resistance range 
extends up to 2 megohms, depending 
on size and type, with tolerances of 
0.05 per cent, 0.1 per cent, 0.25 per 
cent, 0.5 per cent and 1 per cent. Re- 
sistors have been designed to surpass 
requirements of MIL-R-93A. 

Operating temperature range: —55 
to 125 C. Wattages: from 0.1 watt to 
2 watts, depending on size and type. 
All types are noninductive, Pi-wound. 
Dale Products, Inc., 1306 — 28th Ave., 
Columbus, Neb. 
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HIGH SPEED SAMPLING 
SWITCH 


Precision switch having radial ter- 
minals is designed for military and 
commercial applications normally avail- 
able with one or two poles and up to 
120 shorting channels or 60 non-short- 
ing channels per pole. The switch, 
easily adapted to a variety of motor 


drives is equipped with a precision 
machined ball bearing output shaft, 
and special constant force perma 
brushes and lifetime semi-molded con- 
tact plates for long service free life. 

Approximate dimensions as shown 
are 2.620 in. in diam x 1.332 in. in 
length plus hub extension °4 in. in 
diam x ¥% in. in length and _ shaft 
14 in. in diam x %4 in. in length. 

Typical applications: special oscil- 
loscope displays, error indicating sys- 
tems, multichannels data systems, 
among others. General Devices, Inc., 
P. O. Box 253, Princeton, N. J. 
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New Leesona No. 108 Coil Winders (foreground) in the plant of Ram Electronics, 
Inc., Irvington, N. Y., where Leesona Winders have become “‘standard equipment.” 
These were added as best winders for producing short runs of stick-wound coils of 
varying specifications. (Inset) Ram has built an excellent reputation for winding 
quality coils and transformers used in radio and TV equipment. 


RAM standardizes on Leesona coil 


winders...adds No. 108 machines 


These winders help 
maintain highest quality 
standards ... with good 
preduction performance 

Ram Electronics, Inc. (Irvington, 
N. Y.) earned its fine reputation by 


adhering to unusually high quality 
standards. 


This reputation, of course, is one 
they intend to keep. So in adding to 
coil winding facilities they picked 


FOR WINDING COILS 
IN QUANTITY... 
ACCURATELY ...USE 


LEESONA WINDING MACHINES 


AUGUST 1957 


Leesona No. 108 Coil Winders, stand- 
ardizing on Leesona equipment which 
has served them so well in the past. 
To quote Mr. Del Vecchio, plant 
manager: 

“We have come to count on 
Leesona Coil Winders to assure the 
high quality coils we insist upon for 
our products. That’s why any addi- 
tions to our present installation will 
be Leesona winders.” 


The Leesona No. 108 Hand Feed 


Coil Winder was designed specifically 
for complete accuracy, great flexi- 
bility and top production at low op- 
erating cost. 


Investigate 


how Leesona No. 108 Coil Winders 
can perform with great efficiency in 
your plant. The coupon will bring you 
complete details, together with other 
helpful coil winding informatien. 
Why not check and mail it today? 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 138 


Please send me 


[] Bulletin on the Leesona No. 108 Hand-Feed Coil Winder. 
[] Condensed catalog of Leesona Winders. 


[J Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 


coil winding machinery. 


PU Rat hs hw ndecicccuseneees eeccce 


CONN a chee csewucecens eoeveccess 


ccecccecccecece Tillecccccccccce 


CORREO HEHEHE HEHE EEE . 


Ccncticcedce cs $6556 6065S SE bcecccercesoessee Zone....State 
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THE NEW artos AUTOMATIC 


wire-stripping and 


TERMINAL-ATTACHING MACHINE 


Artos TA-20-S 
with guard raised 


Some examples of terminals attached by Artos Machine 
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This new Artos TA-20-S brings still greater speed and production 
economy to large-quantity users of wire leads with terminals at- 
tached. It automatically performs the following services all in one 
operation: 


1. Measures and cuts wire to predetermined lengths. 

2. Strips one or both ends of wire. 

3. Attaches practically any prefabricated terminal in strip 
form, to one end of wire. 

4. Marks finished wire leads with code numbers and 
letters. (Optional attachment not standard part of ma- 
chine.) 


ALL OPERATIONS ARE AUTOMATIC. Machine can be operated by 
unskilled labor. It is easily set up and adjusted for different lengths 
of wire and stripping. Die units for different type terminals simply 
and quickly changed. Production speeds up to 3,000 finished pieces 
per hour. 


ARTOS MACHINES ARE USED by electric appliance, 
automotive, aircraft, electronics and other industries 
that want automation in the production of wire leads 
in quantity. Agents throughout the world. 

No. 655 on the 


Engineering consultation and 
WRITE FOR 
BULLETIN Artos TA-20-S 


ARTOS ENGINEERING CO. 


out obligation. 
2741 South 28th Street ° Milwaukee 46, Wisconsin 
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SUBMINIATURE RELAY FOR 
LOW LEVEL CIRCUITS AND 
GENERAL-PURPOSE SERVICE 


Designed to meet requirements of MIL- 
R-25018 (USAF), style 506 subminia- 
ture relay is available in two designs: 


for critical applications in low level 


circuits, and for general purpose use 
on aircraft and missiles. 

Both types are hermetically sealed. 
The low 
isolation of all organic materials from 
the contact chamber. The General Pur- 


level circuit design permits 


pose design does not have the isolation 
feature. 

D-c operated, these continuous duty 
relays have a mechanical life expect- 
ancy of 20,000,000 cycles. Each relay 
weighs 1.5 oz. Price Electric Corp.., 
1500 Church St., Frederick, Maryland. 
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INDUSTRIAL PRESSURE 
SWITCH 


Designed for use in machine tool con- 
trol hydraulic test stands, 
lubrication systems, rugged vibration- 
proof industrial pressure switch, the 
GIS-8000 is aircraft quality. 

The 


an overall 


panels, 


diam, with 


The 


switch is 2% in 


height of 2%. pres- 


sure sensing chamber is sealed and 
contains a diaphragm of suitable ma- 
terial for use with a variety of fluids 
and gases. 

Factory pre-set, the switch will 
make or break electrical loads of 110/- 
220 volts to 15 amp in response to pres- 
sure changes up to 225 psi with burst 
pressure up to 600 psi. 

A companion Series, only 2 in. in 
diam, GIS-8060, will similarly control 
systems with burst pressures to 1800 
psi. Either unit can be furnished with 


ELECTRICAL MANUFACTURING 





EDISON'S SIZE 11GEARHEAD MOTOR 


Typical of the specialized servo motor work done by the 


Edison Instrument Division is a size 11 gearhead motor with 

1000 to 1 gear ratio. This unit is currently being supplied 
1000 TO ] to Boeing for use in its newest missile project, the Bomare. 

This gearhead motor offers minimum size and weight for 


G EAR RATIO U RI iT systems designers, and extremely fast delivery schedules on 


units of this type make its use mandatory wherever applicable. 


U SED iN Edison's capabilities in servo motors, servo instrumentation, 


and associated precision equipments and systems are the 
result of years of cumulative engineering experience and the 
BOEI NG’S BOMARC best in modern machine shop and quality control facilities. 
When critical requirements are necessary for servo motors or 
allied components, or if you’d like to know more about Edison’s 
Systems work, write for The Systems of the Instrument Division. 


: INDUSTRIES 
ma INSTRUMENT DIVISION 
WEST ORANGE, NEW JERSEY 
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Announcing... 


NEW 
SPEER 
CERAMIC 
CASE 

COIL... 


Non-flammable, 
hermetically 
sealed... . 


superior to 
any tested. 


Now producers of precision electronic equipment have at hand a highly reli- 
able, long-life inductance coil in a hermetically sealed moistureproof ceramic 
case that is virtually unaffected by atmospheric conditions. Originally devel- 
oped for use on high-speed computer equipment, it is eminently suited for 


close tolerance inductance requirements under the most stringent operating 
conditions. 


Protection under all operating conditions, with no interference to 
the coil’s frequency response, is assured by the steatite case. 


Exact dimensional conformance of the case makes these coils ideal 
for automatic assembly. 


Performance characteristics and properties of steatite housing mate- | 
rials are well known and defined, while its non-strategic, ample supply | 
avoids possibility of shortage delays. 


The new Speer Ceramic Case Coils are available in a 
complete inductance range up to 20 millihenries, and in 
a variety of designs, coil forms and physical sizes to meet 


every requirement. For complete test data and informa- 
tron contact: . 


JEFFERS ELECTRONICS DIVISION 
Speer Carbon Co. Du Bois, Pennsylvania 
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a dust cover suitable for connection to 
electrical conduit. Each unit can be 
supplied for operation in temperatures 
to 275. Gorn Electronics Div., Gorn 
Electric Co., Inc., 845 Main St., 
Stamford, Conn. 
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HIGH-FREQUENCY 
MAGMETER DETECTOR 


Frequency range of Magmeter type 
frequency detectors has been extended 
to 10 ke. These detectors are used in 
instantaneous pulse rate indicators, 


electronic tachometers, direct-reading 
frequency meters, and automatic speed 
controls. 

Type F-5116 operates from 0 to 10 
ke producing | milliamp fullscale out- 
put, making it suitable for feeding 
recorders to provide a permanent record 
of frequency changes. Changes in input 
voltage from 105 to 135 volts produces 
only about 1 per cent change in indi- 
cated frequency. Output current is 
linear within 1 per cent of full scale. 

The unit operates directly from a 
115-volt line or from a vacuum-tube 
driver. Narrower frequency ranges can 
be provided down to as little as 5 per 
cent either side of any center frequency 
up to 10 ke. Airpax Products Co., Fort 
Lauderdale, Florida. 
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MULTIPURPOSE VARIABLE 
TRANSFORMER FOR HF 
SERVICE 


Miniaturized Powerstat variable trans- 
former Type 5-1011 for HF applications 
can be used as a limited range variable 
transformer: es a low voltage output 
variable transformer; or as a line cor- 
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When operating temperatures are wide! 


















































Oronite POLYBUTENES are the answer 


in paper-insulated electrical products 


Oronite Polybutene, when used as an impregnating agent, offers superior dielec- 
tric strength, low expansion coefficient and low power factors — all essential in 
paper-wrapped or oil filled condensers and capacitors. Conductors so insulated 
show excellent stability under accelerated thermal aging tests and have proved 


most successful under wide operating conditions. 


Contact the Oronite office nearest you for more information or product samples. 


Oronite—the original and major producer of POLYBUTENES 


ORONITE CHEMICAL COMPANY 


EXECUTIVE OFFICES 
200 Bush Street, San Francisco 20, California 
SALES OFFICES 
New York, Wilmington, Chicago, Cincinnati, Houston, Los Angeles, San Francisco 
EUROPEAN OFFICE 
36, Avenue William-Favre, Geneva, Switzerland 
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rector on 400/1600 cycle, 1-phase 


service. 

When used as a limited range vari- 
able transformer with an input of 115 
volts it is possible to connect for an 
output of either 83-113 volts, 2.6 amp., 
0.20 max. kva; 98-130 volts, 2.6 amp., 
0.34 max. kva; or 116-149 volts, 2.6 
amp., 0.39 max. kva. When used as a 


low voltage output variable transformer 
with an input of 115 volts it has an 
output of 0-26 volts, 2.6 amp., 0.068 


Seema max. kva. 
LN When used as a line corrector, con- 
xy SS nections can be made to correct to an 
output of 115 volts, 2.6 amp., 0.30 max. 
kva from an input of either 90-113 volts, 


104-133 volts or 117-149 volts. The 
Superior Electric Co., Dept. MPH, 83 
Laurel St., Bristol, Conn. 
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RATE SWITCH FOR 
CONTROL SYSTEMS 
Designed especially for use in vertical 
gyro cutout and other uses, new rate 
switch is designated Type RSO1 and 


operates on either a-c or d-c. The 
switch is equipped with primary single- 
pull, double-throw switch action. Con- 





Here Are The Sizes Available 


or Bet Se) c Lor Ne US WORKING SURGE 
heh 1 33 IN MFD* VOLTAGE VOLTAGE 


SPS ® 1 
Cr Canes 2.0 1 18 
STA-165 1.5 re | 
Nae. t Br! 30 36 
STeEL ; ie | tacts are rated at 100 ma, 28 volts, in- 
ductive load. For higher ratings the in- 
strument can be furnished with built-in 

relays for the service to 5 amp, 115 
ra : volts. The rate ranges are from 5 to 500 
= eed : - | deg per sec. Humphrey Inc., 2605 
ee < ; | Cannon St., San Diego 6, Calif. 


TS ati 3s 


STA-255 
Dy 


200 SERIES 


STA-355 Circle No. 558, Reader Inquiry Service Cards 
Fe 5 )< on page 17 
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STAINLESS STEEL 
*Standard Capacity Tolerances ore minus 15%, plus 25%. THERMOSTAT 


NOW AVAILABLE IN PRODUCTION QUANTITIES | For additional corrosion resistance, all 
exterior joints of a stainless steel ther- 
mostat are heliarc welded. Because of 

“ . its ‘special construction, the thermo- 
seh lt acittatlie ih switch—Model 18000-26—is especially 
suited for service in 5 per cent HeSOs 


PURI APTEOLOM LIA UULE | at temperatures up to 120F (or in 


North Chicago, Illinois, U.S. A. | higher concentrations at lower tempera- 
tures,) acetic acid vapors, halide solu- 
tions, and other materials to which 
316-type stainless is resistant. 

The thermoswitch unit is supplied 
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with coupling-head mounting having a 
%-14 pipe thread for direct threading 
into a tank or pipe wall. Contacts open 
above the control setting. Control tem- 
peratures are adjustable over a range 
of —100 to 400 F; short-time overshoot 
by as much as 100 degrees will not 
affect reliability. Current rating is 10 
amp, 115 volts a-c or 2 amp, 115 volts 
d-c. The cartridge is ° in. in diam. 
and has an immersed length of 3 in. 
The thermostat will control within 2 F 
in a well-designed system. Fenwal Inc., 
Ashland, Mass. 
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MINIATURE AIRBORNE 
POWER SUPPLIES 


Miniature airborne instrumentation 
power supplies are available in out- 
puts from 5 to 200 volts d-c VDC, 
50 ma to 2 amp. The Glennite magne- 
tic amplifier power supplies withstand 
high acceleration and shock and are 


said to have a long, maintenance-free 
life. Operating temperature’ range: 
from —40 to 165 F. 

Lightweight, the units are available 
in size as small as 2-%, in. x 3 in. x 
4-34, in. Other features: high power 
output at low voltages; high overload 
capacity; no warm-up time; regula- 
tion of +0.2 per cent; and recovery 
time of 0.2 sec. 

The power supplies are designed to 
meet vibration and shock requirements 
of MIL-E-5272A. Engineered Magne- 
tics Div., Gulton Industries, Inc., Metu- 
chen, N.J. 
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HEATER CORD SETS ARE 
UL AND CSA LISTED 


New and improved equipment makes 
available high quality UL and CSA 


listed and labeled HPD heater cord 
sets in 3,000 and 10.000 cycle grades. 
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CREASE IT! TWIST IT! 


.. repeatedly! 



















































VINYL 
GLASS 
INSULATION 
eS 





...Wwon't crack or craze 
or lose its 8,000 volt 
dielectric strength! 




















Where requirements call for an insulation that can 
take constant abuse . . . flexing, creasing, pounding 
and twisting, without cracking, crazing or loss of dielec- 
tric strength . . . specify Resinite Vinyl Glass. This 
superior vinyl impregnated Fiberglas® sleeving sur- 
passes all NEMA standards and offers these many 
advantages: 























































¢ 8,000 volt minimum dielec- e No wicking. 
tric breakdown rating (Grade e Grades B-A-1, B-B-1, B-C-1 
8000). and B-C-2. 

e Excellent chemical and oil e Sizes #24 to 54”. To 2” on 
resistance. special order. 

e Outstanding abrasion and cut- e Eleven colors. 


through resistance. 






e Priced comparably to ordinary 
e For operation from —50° to cotton or rayon base insula- 
395°F (20 hours). lations. 













Call your Resinite representative or write for samples 
and performance data. Test Resinite Vinyl Glass in 
your own lab and prove its vast superiority. 

*Reg. TM-Owens-Corning Fiberglas Corp, 


Resinite 


Resinite Department AL 2/ aL bm Teel mT TET 


Plants: Santa Barbara, Calif. + No. Andover, Mass 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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The HPD heater cord sets are manu- 
factured with braid patterns, construc- 
tions and free end, to consumer spe- 
cifications, with a moulded polyvinyl 
male attachment plug in sizes 14, 16 
and 18 two-conductor AWG. General 
Cable Corp., 420 Lexington Ave., New 
York 17, N.Y. 
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LIGHTWEIGHT 400-CYCLE 
POWER SUPPLY DESIGNED 
FOR MILITARY SERVICE 


Designed to meet military environmen: 
tal specifications, while achieving re- 
duction in weight, converter delivers 
400 cycles, 3-phase, 120/208 volts, 
15 kva continuous (22.5 for short- 
period overloads). Totally enclosed 
fan-cooled construction is utilized. Use 
of light metals and Nobrush design 













teal 


holds weight within 500 lb for complete 
motor-generator combination. Overall 
dimensions: 36 in. x 19 in. x 21 in. 

Because of good intrinsic regulation 
of machine, regulators are not re- 
quired. Elimination of brushes reduces 
maintenance virtually only to infre- 
quent lubrication of bearings. 

Motor operates at 1800 rpm from 
standard 220/440-volt, 3-phase, 60- 
cycle supply. Elimination of sparking 
makes machine safer and obviates need 
for RF suppression. Georator Corp., 
Manassas, Va. 
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CAPACITORS FOR 
MINIATURIZED EQUIPMENT 


° 


“Tantalytic” capacitors for low voltage 
d-c application where high capacity 
values are required in a small space 
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NEW SERVO-RATIO MULTIMETER 


Combines all the functions of an AC-DC voltmeter, ohmmeter 
and AC-DC ratiometer in one compact portable unit 


Here is a new, highly accurate test 
instrument designed to make life 
easier for those who work with com- 
puters and other electronic and elec- 
trical devices. It measures AC-DC 
ratios, absolute AC-DC voltages and 
resistance. You can also measure the 
gain of operational amplifiers using 
the 0° phase output provided. 

The Servo-Ratio Multimeter com- 
putes voltage ratios by dividing the 
voltage to be measured by the refer- 
ence voltage obtained from the com- 
puter. It is a high-impedance instru- 
ment and utilizes a motor-driven, 
position-type servo mechanism. Aver- 
age time to obtain a reading is three 
seconds. Simplification and reliability 
are obtained through the use of 
printed circuits. 

The front panel contains a four- 
digit illuminated drum counter for 
readout, phase or polarity indicating 
lights, function switch, ON-OFF 


switch, range switch, 0° phase ratio 
selector, input terminals and 0° phase 
output terminals. 

The Servo-Ratio Multimeter is 
compact and easy to handle. It has 
an aluminum case and weighs only 10 
pounds. The instrument can be oper- 
ated in a horizontal or vertical posi- 
tion and has a unique carrying handle 
that serves as a tilt-stand when the 
unit is used horizontally. Write for 
Product Description 2005. 


SPECIFICATIONS 


Power Consumption: 50 Watts, 110 Volts, 60 cps. 
Reference Voltage: DC or 60 cps AC; + 10 Volts 
to + 100 Volts across 8.7K Ohms Load. 


Functions Range 
0.001 to 1.000 + 0.1% in 1 range 
0.001 to 1.000 + 0.1% in 1 range 


1 Volt to 1000 Volts full scale 
+ 1.0% in 4 ranges 


1 Volt to 1000 Volts full scale 
+ 1.0% in 4 ranges 


10K Ohms to 10 Megohms full 
scale + 1.0% in 4 ranges 


Gain 0.01 to 1000 in 4 ranges 


Ratio, AC 
Ratio, DC 


60 cps AC 
Voltage 


DC Voltage 


Ohms 


See our exhibit at the Wescon Show, Booths 810-811. 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 


PITTSBURGH 18, PENNSYLVANIA 
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PORTABLE AND COMPACT—Weighs only 10 
pounds. Size: 77%” x 514” x 11-13/16". 


SIMPLIFIES TESTING—Eliminates need for many 
other instruments. Has digital readout counter. 











We make 


2) 
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cables too! 


Leader in miniature and sub-miniature insulated wires and cables, 
Hitemp Wires, Inc. now keeps pace with the growing need for large 
diameter, multi-conductor cables which meet today’s toughest 
environmental problem... high temperatures. 


Hitemp’s cable engineers have already designed, developed and fabricated 
hundreds of custom, large diameter assemblies destined for unique 
high temperature applications. Cables with fifty or more individually 
color coded conductors — cables in combinations of insulated conductors 
with ratings of 1000, 600 and 300 volts — cables using Hitemp’s new 
“High Strength” conductor for 400% more flex-life. 


Whether you’re in the blueprint stage or in prototype testing, whenever or 
wherever you need temperature control in large diameter (jumbo) cables 
call Hitemp for the design help you need. 


HITEMP | WIRES, INC. 


1200 SHAMES DRIVE, WESTBURY, NEW YORK 


7.77 


Circle 246 on page 17 


are now available in three new rec- 
tangular case styles. The three styles 
all have the same base dimensions of 
1.316 x 0.75 in., the heights are 1.375, 
2, and 2.5 in. Typical voltage rating 
for the 1.375-in. high case is 30 volts at 
1000 mfd polar construction, etched 
foil; for the 2-in. case, 50 v, 200 mfg, 
non-polar, etched foil, and for the 2.5-in 
case, 20 v, 100 mfd, non-polar etched 
foil. These Tantalytic capacitors are 
rated for a minimum of 1000 hr opera- 
tion at 125 C, with not more than 20 
per cent loss of initial 25 C capacitance 
after this 1000 hr period. The new units 
can be easily mounted in miniaturized 
equipment; have high shock and vibra 
tion resistance, low leakage currents 
and low power factor, General Electric 
Co., Schenectady, N. Y. 
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HIGH-TEMPERATURE SOLID 
FILM LUBRICANT 


Developed and tested for operating 
temperatures up to 800 F, under many 
conditions will have application up to 
1000 F, such as in the prevention of 
galling and seizing of threaded parts 
and fasteners as well as control mech- 
anisms. 

In these tests, the co-efficient of fric- 
tion has been measured as low as 
0.022 at high loads at 550 F. Silicones 
and high temperatures phenolics are 
employed, together with micro-fine 
particles of moly-disulphide and syn- 
thetic graphite. Electrofilm, Inc., P. O. 
Box 106, North Hollywood, Calif. 
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3-WAY IN-LINE SOLENOID- 
CONTROLLED AIR VALVE 


Pilot operated-poppet type valve is de- 
signed to meet all JIC standards, in- 
cluding 4 watertight and dust-tight 
solenoid enclosures. Also featured is a 
recessed pin which can be locked in or 
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There is a just-right production speed for every job. Run a little faster ahd you'll have trouble— 
a little slower and your equipment is not being used efficiently. A Reliance V*S Drive will give 
you the just-right speed for each job. 


Reliance VsS is an all-electric drive that operates from a-c. circuits. The operator varies the drive 
motor rpm. to set up the ideal speed for every job. With no rigid set of gear ratios with a limiting 
number of speeds, he has an infinite selection of rpm.’s from a wide flexible band of operating speeds. 


There is a V*S Drive designed for your equipment. Write for Bulletin D-2311. 
TONS PER HOUR=— — — — — — 4 


In order to maintain a uniform production rate of 80 tons 
per hour with varying sizes of pipe, this pipe mill must 
change its line speed from 30 ft. per minute to 80 ft. per 
minute to compensate for differing gauges of steel. A 500 
hp. multi-motor V*S Drive does the job. 


® YARDS PER MINUTE: =:o--— 


In order to properly size differing types of cotton cloth, 
the textile slasher must operate at line speeds varying 
from 28 yds. per minute to 225 yds. per minute. A 25 hp. 
V«S Drive does the job. 


® REVOLUTIONS PER MINUTE" = 


In order to maintain the correct tension on the metal on 
this highly accurate rolling mill, the speed of the coil 
winder must decrease from 900 rpm. to 450 rpm. as the 
diameter of the roll builds up. A 20 hp. V*S Drive does 
the job, automatically. D-1563 


\ 


{3 RELIANCE tncittnne co 


DEPT. 278-A, CLEVELAND 17, OHIO ¢ CANADIAN DIVISION: WELLAND, ONTARIO 
Sales Offices and Distributors in Principal Cities 
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CENTER FOR HIGH-PURITY FUSED QUARTZ 


AMERSIL service is keyed to your requirements. 
Here, at the primary source for fused quartz 
and silicaware of critical purity, several spe- 
cially developed production processes are used 
—each providing an end product suited pre- 
cisely to certain types of fabrication and use. 

Delivery is prompt. Standard apparatus, cru- 
cibles, trays, cylindrical containers and tubing 
(up to 25° diam.) are available for prompt 
service. Amersil engineers will be glad to assist 
in developing special equipment for your re- 
quirements. Your inquiry is invited. *® * 


685 RAMSEY AVE. x HILLSIDE 5, NEW JERSEY 


* ROTOSIL 
OPTOSIL 
HOMOSIL 
ULTRASIL 


AMERSIL FUSED SILICA 
COMPANY, INC. 






AND QUARTZ 


FNCELHARO (NOUS TRIES 
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Applications: 


Besides general laboratory use, this 
instrument provides simpler, more 
accurate calibration of meters .. . 
better design of transformers, syn- 
chros, motors, magnetic amplifiers 

easier testing of such compo- 
nents, with fewer rejects . . . easier, 
more accurate measurement of 
magnetic properties and receiver 
sensitivity . . . better computer per- 
formance . elimination of fast 
line transient effects. Write for de- 
tails. 


* DISTORTION ELIMINATING VOLTAGE REGULATOR 


PRICE 
$1,689.00 
F.0.B. Caristadt, 


MODEL 
EE 100A 


m. 3. Immediate Delivery 
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The Regulator that 
Eliminates Distortion 


e Furnishes 1.4 KVA of distortion- 
free, +1% regulated power 
without phase shift 

e 330 microseconds recovery time 
— fastest regulation available 

e Reduces line distortion to less 
than 0.3% 

¢ Simultaneously provides 4 KVA 


of +1% electromechanically 
regulated power 


Electronic Equipment Sales Department 


) 
| 
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HHL 


CORPORATION ~ CARLSTADT, N. J 











locked out, to operate valve manually, 
without removing cover. 
Lightweight aluminum construction 
and in-line cylinder and inlet ports al- 
low mounting the directly to 
cylinder, to save on piping and air. Can 
be used in pairs (one NO, one NC) 
to control double-acting cylinders. 
Valves are furnished in 14 in. % in. 
14 in. 34 in. 1 in. 1-14 in. sizes, either 
normally open or normally closed with 
continuous duty solenoids. Same valve 
body is available as a master valve for 
operation with remote pilot 
Automatic Valve Co., 37415 
River Ave., Farmington, Mich. 
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valve 


control. 


Grand 


1-MC CAPACITANCE 
BRIDGE ASSEMBLY 


Capacitance Bridge has been designed 
specifically for commercial and mili- 
tary specifications for capacitors of 
1000 mmb and less calling for mea- 
surement of capacitance and dissipa- 
tion factor at a frequency of 1 me. 

Type 1610-AK, which includes a de- 
tector, can be used at any frequency 
between 0.1 and 5 mc, although cali- 















brated for a 
Accessories 


frequency of 1 
are also available which 
enhance the usefulness and convenience 
of the assembly for specific measure- 
ments. For the measurement of small 
capacitors with parallel side-by-side 
leads, the Type 1691-A Test Fixture 
is recommended. For measurements of 
dielectric constant and dissipation fac- 
tor on specimens of dielectric ma- 
terials, the Type 1690-A Dielectric 
Sample Holder should be used. General 
Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 


mc. 
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Defeating Drudgery- 
Task for Mallory Timers 


Take the burden of tedious, drudging work out of 
human hands and make operation automatic—and 
you have a market ready to buy. This concept has 
proved itself in automatic home laundries, clothes 
driers, vending machines... and offers interesting 
possibilities in other types of products for factory 
and farm. 

What makes millions of these self-operating devices 
and appliances automatic is a Mallory timer switch! 
Designed for ruggedness and versatility, Mallory 
timers are manufactured to high standards of preci- 
sion at economical cost, for leading appliance makers. 


When you are looking for ways to make your new 
products automatic, you may find that Mallory 
already has the answer to your timer switch problem. 
In addition to the Mallory switch that makes a 
dishwasher automatic, Mallory has other timer 
switch models—each capable of many variations in 
cycle time, current rating and other characteristics, 
cover an almost endless combination of uses. Two 
of these are illustrated: 


For a consultation on your specific automation 
problem, write or call Mallory today. 


Serving Industry with These Products: 
Electromechanical—Resistors ¢ Switches e Television Tuners @ Vibrators 
Electrochemical—Capacitors e Mercury and Zinc-Carbon Batteries 
Metallurgical—Contacts © Special Metals e Welding Materials 
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For cycles from 1 second to several hours 


the new Mallory interval timer con- 
trols up to 6 circuits to high precision. 
Timed portion of the cycle can be 
adjustable. Motor reset gives posi- 
tive, spring-less return to original 
start position. Nominal rating: 10 
amperes at 125 volts and 5 amperes at 
250 volts; other ratings are possible. 


For heavy duty... 


another Mallory timer contrels two 
25-ampere circuits. Self-cleaning 
spring contact assembly has long life, 
fast opening; ends danger of sticking 
of contacts. Many variations in 
motor mounting, built-in bussing and 
terminal arrangement are available. 


Expect more...Get more from 


3 Ma 
4 
ee 


. MALLORY & CO. Inc., INDIANAPOLIS a INDIANA 


ORY 
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NOW A COMPLETE 
LINE OF 10 TYPES 
“DY SERIES 


Anderson continues to 
maintain its leadership 
in the SOLENOID field 
by adding seven new 
types of ‘‘D’’ Series 


Solenoids. 


Now there is an ANDERSON 
SOLENOID for your require- 
ments . . . compact, rugged, 
efficient . . . delivery from stock 


on standard models. 


Custom types available 
quickly ... write. 


We invite your inquiry 


Send for 
our NEW 
Catalog 
TODAY! 


SOLENOIDS - COILS - ELECTRICAL COMPONENTS 


7 
anderson controls, inc. 
General Offices: 2777 Mannheim Road bes Plaines. tl. 


Phone: VAnderbilt 4-3147 Factories: Des Plaines and Woodstock, Illinois 
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PRECISION RESISTORS FOR 
PRINTED CIRCUITRY 


New silicone coated wire wound re- 
sistors have radial terminals for printed 
circuitry assembly. These miniature 
power resistors are entirely impervious 
to moisture and salt spray, thermal 
shock, low temperature exposure and 
are completely welded from terminal 


=| 


i} 
} 


to terminal. w maximum operat- 
ing hot spot temperature is 275 C. 
Full wattage rating is at 25 C. 

The power range of the new series 
provides for 2, 3, 5, 7, and 10 watts, 
two sizes are available for 3 watt 
application. These resistors conform 
to applicable paragraphs of MIL-R- 
26B. Dale Products Inc. 1306 28th 
Ave., Columbus, Neb. 
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REGULATED POWER SUPPLY 


Model 7P13-300 volts 150 ma is a volt- 
age regulated laboratory-type power 
supply. Input voltage is 105 to 125 volts 
at 50-60 cps. Three output voltages are 
available: continuously variable 0 to 
300 volts d-c at 150 ma, continuously 
variable 0-150 volts d-c at 5 ma and 6.3 


volts a-c at 8 amp. High voltage regu- 
lation is +0.5 per cent from 20 to 300 
volts at 0 to 150 ma and line variations 
from 105 to 125 volts a-c. The power 
supply is available in either cabinet or 
rack type mounting. Western Gear 
Corp., P. O. Box 182, Lynwood, Calif. 
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If you’re miniaturizing ... you'll save space, time and 
money with Allen Minicaps and Minisets (#0 thr #3 dia.) 


These miniature Allen Hex Socket Cap 
and Set Screws will let you scale down 
your product sizes even farther. 
They’re made from Allenoy special 
alloy steel—so strong that you can 
safely specify fewer screws or smaller 
sizes. 


Allen Minicaps and Minisets are tiny, 
but very tough! —true Allens, with 
deep, clean, strong sockets and uni- 
form Class 3A threads. Minicaps have 
the Allen knurled “Grip-Head” and 
are trimmed both on top and under 
the head, for tighter fit and better ap- 
pearance. Minisets have the improved 


small-cup Allenpoint that drives 
deeper and holds tighter. 

Because sockets are uniformly true 
hexagon shape, the key or driver fits 
tight — makes starting much easier, 
saves a lot of time in assembly. 
Diameters of these miniatures run 
from #0 through #3. Minicap lengths 
run from ¥s” through 2”, and Miniset 
lengths from 6” through 4”. Also 
standard in stainless steel. Your In- 
dustrial Distributor has them now. 
He'll show you why these Allens — 
like all Allens — hold tighter and last 
longer. Or write for information and 
samples. 


Stocked and sold by leading industrial distributors everywhere 


ALLEN 
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Use Minicaps and Minisets 
wherever you need depend- 
able fastening in very small 
assemblies: 


TV, radio and telephone equip- 
ment @ Guided missiles, rockets 
e Panel meters e Electro-me- 
chanical devices and servo-sys- 
tems ¢ Computers @ Control and 
operating mechanisms for relays 
© Cameras e Instruments 


MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 





RCA 


INSTRUMENTS OF 


LABORATORY PRECISION 


Excellent 
stability 
characterizes 
ane eala 7 
vacuum tube 


voltmeter 


by RCA 


RCA VACUUM TUBE 
VOLTMETER 
Type LV-10, Price $250* 
Also ask about Null Voltmeters. 


THIS VACUUM TUBE VOLTMETER is ex- 
tremely versatile, combining in one in- 
strument an AC Voltmeter—covering a 
range from audio to UHF frequencies, a 
DC Voltmeter—with 100 megohms input 
resistance, and an ohmmeter capable of 
measuring resistance from zero to 1000 
megohms. Ideal for use wherever highly 
precise measurements are essential. Maxi- 
mum stability and low current consump- 
tion are outstanding features. Balanced 
indicating movement makes this excep- 
tional instrument suitable for use lying 
flat, standing vertically or inclined. 


For complete information on the above and 
other instruments in the RCA line, write to 
RCA, Dept. W-44, Building 15-1, Camden, N.J. 


*Price in U.S.A., f.0.b, Camden, N.J. Subject to change without notice. 


RADIO CORPORATION 
OF AMERICA 
COMMERCIAL ELECTRONIC PRODUCTS 
CAMDEN, N. J 


In Canada: RCA VICTOR Company Ltd 
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Montreal 
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DC VOLTS 

7 ranges: 1, 3, 10, 30, 100, 
300, 1,000. 

Accuracy: +3% full scale 
deflection. 

Input resistance: 100 meg- 
ohms +2% on all ranges. 


AC VOLTS 

6 ranges: 1, 3, 10, 30, 100, 
300. 

Sine Wave Accuracy: 
+3% full scale deflection. 
Input impedance: Less than 
2 mmf in parallel with 

15 megohms. 

Frequency Response: +1.0 
db, 18 cps to 700 MC. 
Relative Measurements: 
possible to 1,000 MC. 
RESISTANCE: 0 to 1,000 
megohms in 7 ranges. 
Accuracy: +5% between 
divisions 10 and 100 on 
scale. 

DB Range: —10 to +52 
dbm in 6 ranges. 

Zero dbm=1 mw in 600 
ohms. 


Instrument 
Engineering 
Representatives in 
Principal Cities 


| 
| 
| 
| 
| 
| 
| 








Laboratory 


Equipment 
Engineering 


SERVO-RATIO MULTIMETER 


Commercially available computer test- 
instrument is designed to measure a-c 
d-c ratios, absolute a-c d-c voltages, and 
resistance. Called a Servo-Ratio Multi- 
meter, the instrument computes voltage 


ratios by dividing the voltage to be 


measured by the reference voltage ob- 
tained from the computer. In function- 
ing, the Servo-Ratio Multimeter utilizes 
a motor driven 
mechanism. Simplification and reliabil- 
ity are incorporated through the use of 
printed circuits. 

A compact “carry around” aluminum 
contains the and front 
panel of the multimeter. The unique 
carrying handle serves as a convenient 
tilt-stand when the is used in a 
horizontal position. 

The 114%. in. in 
length; 77% in. in width; and 5% in. 
in height. Weight, approximately 14 lb. 
Union Switch & Signal Div. of West- 
inghouse Air Brake Company, 1789 
Braddock Ave., Swissvale, Pa. 


Circle No. 568, Reader Inquiry Service Cards 
on page 17 


position-type servo- 


case chassis 


unit 


instrument is 


AMPLIFIER FOR GALVAN- 
OMETER OSCILLOGRAPHS 


System DS is a 4-channel galvanometer 
amplifier which includes power supply 
as well as bridge balancing and cali- 
brating units for use in wire strain gage 
and transducer work. It will drive many 
galvanometer oscillographs, including 
the low-sensitivity, high-frequency types, 
and provides excellent linearity over a 
wide range of input voltages. Frequency 
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to interconnect... 


KELLER 
ie-lhap TOOLS 


Provide the fastest, lowest-cost method. 


Solderless, wrapped connections are made by wrapping the wire 
around a terminal with sufficient tension to create a permanent 
electrical and mechanical bond. Interconnecting components 
with this method will save both time and material. It will pay 
you to investigate the manufacturing economies Keller ‘‘Wire- 
Wrap”’ tools can bring. 


e Uniform connections... pow- e Less rejects . . . stable connec- 
er tool cannot be manipulated tions maintain contact under 
to vary results. stresses of assembly, installa- 


: : tion, shi nt and operation. 
e Material savings ... no solder, a 


screws, clips required. e Easy to use... short operator 
learning period to attain pro- 


e Faster... less time required to ficiency 


make connection, reduced in- 
spection time. Write for Bulletin 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 
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range is d-c to 5ke. Features include 
balanced input, high output (+60 ma), 
phase sensitivity, high stability, low 
noise level, overload indicator, and no 
operation delay when overloaded. It 
gives fine resolution with a 20-step at- 
tenuator and a gain control which per- 
mits full-scale galvanometer deflection 
for input voltages between adjacent 
attenuator settings. Allegany Instru- 
ment Co., Inc., 1091 Wills Mountain, 
Cumberland, Md., and 1052 West 6th 
St., Los Angeles 17, Calif. 

When you're on the run, and there's barely ee a mare re 

time for the hastiest over-the-shoulder glance, 

Beckman Expanded Scale Voltmeters read 


VERSATILE COIL WINDER 


right at a olan i A newly designed coil winding machine 
for 


laboratory and production use 

winds variable-pitch progressive uni- 

versal coils, variable-pitch solenoids, 

BECKMAN EXPANDED SCALE VOLTMETERS read progressive universal coils, automatic 
accurately from any angle, under the most hair-raising | PiWound coils, universal coils, close 
and space wound single-layer solenoids, 
as well as random-wound bobbin coils. 
HOW COME? Because the useful portion of the scale An outstanding feature is that cam and 
gears are instantly available for fast, 
simple changing. Shuttle cams are 


conditions of distance, darkness and distraction. 


is expanded and the rest tossed out. No 
befuddling bunched-up divisions at one end of the 


scale, as in conventional meters. 


THE RESULT? Accuracy to 0.3% of center-scale voltage. 
Resolution to 0.1 volt. Readability to 20/400 vision. 


THE FACTS? Beckman Expanded Scale AC & DC Voltmeters 
are for panel installations down on the ground, 
up in the wild blue yonder, or for test equipment 
anywhere. The eight basic models come in shapes, ; ; 
the same physical size to _ fur- 
ther facilitate quick changing, with 
continuous automatic lubrication of 
cam, yoke and all high speed gears dur- 
|ing operation, for less maintenance. 
Output end of spindle is %e¢ in., flatted 
shaft, winding speed 1900 rpm, maxi- 
mum loading distance 5 in. and wire 
sizes wound 20 to 44. Both cam shafts 
are ball bearing mounted. Higher coil 
build-up is possible by increased radius 
Engineering representatives of wire guide arm. For greater winding 
in principal cities stability, large diameter inner spindle 
|is carried by heavy duty ball bearing 


sizes, standard scales and accuracies to suit 
your installation. 


Y OTHER QUESTIONS? Write for data file 84J. 


Beckman?/ Newport Beach, California 
/ Helipot A division of 


/ Corporation Beckman Instruments, Inc. 
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marore DISC- PAC” 


A COMPACT UNIT FOR BUILDING YOUR OWN CLUTCH 
Due to a growing demand for Maxitorq Floating Discs, the MAXITORO DISC- 


PAC has been made available as a self-contained unit independent of the actuator. 


Patented Maxitorg Separator Springs that prevent drag, abrasion, and consequent 
heating in neutral . . . and the Maxitorq Locking Plate which locks all discs onto 
body . . . give you the outstanding features that are so highly favored by machine 


and product designers. 


Thus you may build your own clutch or brake from our standard stock Maxitorq 
parts. The Disc-Pac keys to your shaft and is easily replaced. Units are available 


in 8-disc diameters from 2” to 8”; 14 to 15 h.p. at 100 r.p.m. .. . with 3 lugs on the 


smallest size, 8 lugs on the 3 h.p., and 12 lugs on the 5, 10 and 15 h.p. capacities. 


The Disc-Pac fits Maxitorq standard Driving Rings in the event that you want to 
use them. As with the Maxitorq Clutch, all assembly, take-apart and adjustments 


are manual... . no tools required. For further information, write Dept. EM-8. 


THE CARLYLE JOHNSON MACHINE COMPANY 


Manchester, Connecticut 
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WHERE POWER CONTROL COUNTS MOST.. 


...you'll find 


When perfect power control is essential, 

engineers specify Janette gear motors, 

speed reducers, and variable speed con- 

trol drives, because they are integral 

units—motor and gears are designed for each other— 
then built by one company to assure perfect reliability, 
extra long, trouble-free life. 


Regardless of the product, Janette has the right speed 
at the right power for your particular application from 
1/150 to 72 horsepower, in a wide variety of models 
and in any mounting position. And when your problem 
demands original research and custom design, you 
can draw on the nearly 50 years of Janette engineer- 
ing experience and know-how. 


For additional information you are invited 
to write for bulletin 5-105-E3 


anette ELECTRIC MFG. CO. 


MORTON GROVE, ILLINOIS 


REPRESENTATIVES AND DISTRIBUTORS 
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Reserve your copy of the NEW 
5-Year ANNOTATED 


EDITORIAL INDEX 


Electrical ‘ 
Nativeteemme Feature Articles 


aioe published during 1951-1955 


id-dielectric, and the solid-state. 


Contact Devices 

Slip Rings for Electrical Circuits, W. F. Mason. At 
Voltages to 30 kv, currents to 600 amp, fre- 
quencies to 100 me are handled by slip rings 
operating at speeds as high as 20,000 rpm. 
Higher speeds are in prospect. Design factors 
and materials are discussed in this article. 


Attachment of Electrical Contacts, J. W. Kehoe. May 
An examination of commonly used welding 
and brazing techniques for the attachment of 
contacts. New applications of the induction 
and gas-air brazing processes demonstrate 
their ability to produce close heat control and 
their suitability for large scale output. 


Electrical Contact Materials, Dr. J. D. Kleis... 
Mechanical and electrical properties of over 
thirty metals, alloys and oxides thereof are 
related to performance in ftve classes of appli- 
cation ranging from sensitive, low current 
contacts to heavy duty switchgear with con- 
siderable arcing present. 

Electrical Contacts—I, F. J. Spayth and V. E. 

Heil ee is de steed Sep 54 
Contact resistance, metal transfer, erosion, 
sticking or welding and energy dissipation 
are performance factors covered under con- 
tact physics in Part 1 of a two-part article. 

Electrical Contacts—II, F. J. Spayth and V. E. 

Heil sa ---» Oct 54 
In the concluding part of the article, per- 
formance factors are discussed on four basic 
contact materials—pure metals, true alloys, 
silver semi-refractory compacts and composi- 
tions of refractory metals with silver or 
copper. 

» Carbon Brushes for Electrical Machines—I, 
W.R. Appleman and F. J. Oliver. . 
sis survey of current practices in i 


tion attempts to relate design fac) 


>erating conditions on sera 
buery 10 2 ed 


USE THIS ORDER 
FORM AND GET A 
BONUS COPY OF 
THE 1956 
ANNOTATED INDEX 


AUGUST 1957 


A PRACTICAL REFERENCE SOURCE FOR 
EVERY ENGINEER ENGAGED IN 
PRODUCT DEVELOPMENT AND RESEARCH 


\ cumulative five-year Annotated Editorial Index to ELec- 
rRICAL MANUFACTURING has been especially planned to serve 
the working needs of those concerned with the design engi- 
neering of electrically energized products. (A separately 
bound Index for 1956 will be announced shortly). 


The Subject Index—see specimen opposite—is based on 
a functional subject classification that has been developed 
by the editors of ELEcTRIcCAL MANUFACTURING for their own 
use. It reflects contemporary concepts of the design appli- 
cations of materials, components, processes and techniques. 
The cumulative annotations provide a valuable, time-saving 
reference source, both to recent and earlier literature. For 
added convenience, an alphabetical author’s index is also 
provided. 


The five-year Annotated Index will comprise about 50 
pages. It will be printed on a durable white paper stock 
and wire-stitched to handy file-size, 845” x 11”. 


opy price is 2 
cent for New York Cit 


THE GAGE PUBLISHING COMPANY 
1250 Sixth Avenue 
New York 20, New York 


Please reserve copies of the new ANNOTATED INDEX OF 
ELECTRICAL MANUFACTURING, 1951-1955. Remittance of $ 


is enclosed. It is understood that a gratis copy of the separately bound 
1956 INDEX will be sent me as soon as available. (One copy for each 
5-Year Index ordered) : 

Name 

Company 


Address ___ 



































































































EAGLE NULTIPULSE 
repeat cycle timer 








AK 
nw 
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2” diameter cams adjustable within 2% 


This compact Timer features in its construction an “Expan- 
dex” hub— an Eagle Signal exclusive. Hub can be loosened 
or tightened until there’s just enough friction between it and 
the cam shaft to allow moving the cam a hair thickness dis- 
tance . . . as little as 14% of one revolution. Close settings 
are further facilitated since the “Expandex” hub eliminates 
shaft indentations caused by set screws. There is no occasion 
for a set screw to slip into a previous indentation. 


Opening or closing as many as 12 circuits in sequence, the 
Eagle Multipulse Repeat Cycle Timer is ideal for sequence 
starting of several motors, timed sequencing of automatic 
cement block machines, and sequence operation of solenoid 
valves in washing processes. 


Cycle change gears provide 3 to 1 time range. Available 
with 2 to 12 circuits . . . and with time cycles from 18 sec- 
onds to 36. hours. Synchronous motor powered. S.P.D.T. 
enclosed contacts. Available with cams factory set if de- 
sired. Send for free Bulletin 323. 

MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
Industrial Division, Dept. EM-857 
MOLINE, ILLINOIS 





on Multipulse Repeat Cycle Timer. 





NAME AND TITLE 





COMPANY 





ADDRESS 





city ZONE STATE 
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Please send free Bulletin 323 containing full data 






mounted shaft. Geo. Stevens Mfg. Co., 
Inc., Pulaski Rd. at Peterson, Chicago 


30, Ill. 
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TRANSISTORIZED 
FREQUENCY METER 


Transistorized frequency meter newly 
added to a line of modular instruments, 
is designed to measure frequency in 
the range from 10 cps to 100 ke with 
an accuracy of 2 per cent regardless of 





wave shape down to a 1 per cent duty 
cycle. 


To insure easy, accurate readability 
seven full volt ranges of 100, 300, 1 ke, 
3 ke, 10 ke, 30 ke and 100 ke are pro- 
vided. Minimum input voltage is 0.1 
volt rms and maximum 120 volts. Di- 
mensions are 8°4 x 54 x 4 in. Tele- 
tronics Laboratory Inc., 54 Kinkel St., 


Westbury, L. 1., N. Y. 
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TIME INTERVAL METER 


Designed for precise measurement of 
elapsed time between two events occur- 
ring in the range of 3 microsec to 1 sec, 


the CMC Model 251-A Time Interval 





Meter has optional features that permit 
extension to 10 or 100,000 sec. 
Accuracy is +1 microsec. The meas- 
urement interval may be started and 
stopped by independent or common 
voltages representing optical, mechan- 
ical or electrical events. Typical ap- 
plications are: ballistics measurements, 
relay timing, photographic timing, test- 
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DRIVER-HARRIS ALLOYS AT WORK IN PRODUCT ADVANCEMENT 














(1) commutator segment 
(2) silver-graphite brush 

(3) Nichrome V resistor 

(4) vitreous enamel 

(5) autotransformer winding 


Path of circulating currents (6) 
showing blocking action of 
Nichrome V resistors (3) 


TT.m REG. U.S. PAT. OFF WARD LEONARD 
*T.M. REG. U.S. PAT. OFF 


Nichrome V limiting resistor solves 
age old brush problem in Ward Leonard Dimmers 


This Ward Leonard 6.6 KW Radiastat' Dimmer is essentially 
a specially designed core type autotransformer whose output 
voltage is linear, furnishing smooth, stepless control from maxi- 
mum to zero. Other notable features are: Highest rating in 
smallest size and longer, maintenance-free life. 

Nearly all adjustable autotransformers depend upon carbon 
brushes to limit the short-circuiting current which occurs when- 
ever the brush straddles two segments. However, in the Radia- 
stat Dimmer, circulating currents are kept to a minimum in a 
unique way, permitting use of self-cleaning, self-lubricating, low 
resistance silver-graphite brushes. 

In the Radiastat, each segment is electrically connected to 
its respective turn of the winding through a Nichrome V cur- 
rent limiting resistor. During commutation, the main winding 
is protected against burnout from high short-circuiting currents, 
thereby eliminating external resistors or high resistance brushes. 


Driver-Harris 


HARRISON, NEW JERSEY « srancues: ct 


ributor: ANGUS-CAMPBELL 


ago, Detroit, C 


These all important resistors (one for each segment) connect 
to the segments beneath the vitreous enamel and run out and 
up to connect with the winding. They protect every step of the 
Radiastat, regardless of the contact arm position—drop a penny 
or a nail across adjacent segments—there’s no pouff! no burnout! 
The Nichrome V circulating current resistors completely safe- 
guard the unit. 

Nichrome V is used because it supplies a specified ohmage 
in a #10 wire 3%” long; bonds well with the vitreous enamel; 
is highly resistant to heat and corrosion, and easily withstands 
severe current surges. 

Driver-Harris now produces 132 different high nickel alloys 
in many different forms and in hundreds of sizes for almost 
every kind of industrial application. Do you need help with a 
special alloy? Tell us about it and if we haven’t got it, we'll 
develop it for you. 


me 


mp 


ompa 


ncisco ° Canada GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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direct -current 


TACHOMETER 
GENERATOR 


permanent-magnet 
APPLICATIONS 


VELOCITY SERVOS ideal for use 
as a rate generator in servo or in- 
tegrating devices where a highly 
linear speed / voltage relationship is 
required with minimum ripple. 


DIRECT READING TACHOMETER 
Makes an excellent tachometer 
when combined with a d-c volt- 
meter having proper voltage range. 


SPEED TRANSDUCER ideal for 
vse as a speed transducer in con- 
nection with fast response direct 
writing oscillographs. 


FEATURES 


SIZE Miniature. Approx. dia. 1'%"’. 


LINEARITY Output voltage is pro- 
portional to speed to better than ‘2 
of 1%. 


SPEED Excellent service life at 
12,000 rpm. Higher speeds possible 


OUTPUT Various models up to 
20 volts per 1,000 rpm. 


RIPPLE The rms value will not ex- 
ceed 3% of the d-c value at any 
speed in excess of 100 rpm. 


BRUSH LIFE Better than 20,000 
hours at 1800 rpm. 


BIDIRECTIONAL OPERATION 
Output in either direction is held to 
a “% of 1% tolerance. 


CONSTRUCTION Aluminum hous- 
ings with protective treatment; 
stainless steel shafts; fully shielded 
ball bearings; Mylar insulation. 


SEND FOR COMPLETE DATA 


SINGLE UNITS 


bron a 


priced lower 
in quentity 


IMMEDIATE DELIVERY | 


etd en ee ee ee ee oe ee ee ee 


PRODUCTS CO 


La] re RAT 
1086 Goffle Rd., Hawthorne, N. J. 
Phone HAwthorne 7-3100 
See us at the 1.S.A. Show—Booth 838-840 
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ing of mechanical and electromechan- 

ical timing devices, among others. 
Features include: two independent, 

adjustable level 


trigger 


continuously 


| controls permitting full rated sensitivity 


at any voltage level 
300 and +-300 volts. Small 
increments of voltage ordinarily masked 


0.2 volt rms 
between 
by attenuators are easily selected even 
though high voltage bias levels, voltage 
steps. square waves, etc., are present. 
There is also provision for oscilloscope 
marker signals for trigger level adjust- 
ment of start and stop points for time 
interval measurement of complex wave- 
forms. Computer-Measurements Corp., 
5528 Vineland Ave., North Hollywood, 
Calif. 
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| TEMPERATURE PROBES 


Designed for precise measurements at 


very low temperatures, new series of 


temperature probes measures temper- 
ature changes for such applications as | 


guided missiles, components in elec- 


tronic circuits, and other uses. 


The S-100 series probes incorporates 


thermistors mounted in probes of stain- 


| suitable 


aluminum, lucite or other 
material which can be used 


less steel, 


| with temperature bridges or recorder. 


| Gulton 


Industries, Inc., 212 Durham 


| Ave., Metuchen, N. J. 
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| ELECTRONIC LEAK DETECTOR 


Newly 


improved’ electronic leak 
detector is so sensitive that it can de- 


| tect one part of helium in two million 


parts of air. 


Ten times more sensitive than its 


| predecessor, the new M-2 leak detector 
| finds and locates leaks in vacuum or 
| pressure systems. It is used by research 


laboratories for 


quality control and 


| production checks. 


The M-2 readily detects a leak rate 
of 1 x 10-10 standard cubic centimeters 


of air per second, a leak rate so small 


that it would take more than 


| 5,000 years for 1 cubic centimeter of | 


Wind 
all 


bobbins 
quickly ... 
= 


* 


machine 


BOESCH BOBBIN WINDER 
MODEL BW 


This dynamic little machine is 
adaptable for nearly every ran- 
dom-wound or precision-inter- 
leafed winding job. Variable speed 
mounts to 8000 turns per minute, 
coil sizes include from 1%” to 5” 
long and to 5” OD in #17 through 
#50 wire. Cost is moderate. Oper- 
ation is automatic. And just one 
operator can tend 4 machines 
placed side-by-side without leaving 
her seat. Model BW was designed 
solely to fulfill your needs and 
specifications . . . to produce the 
most versatile, capable bobbin 
winder possible. 


For complete information on 
Boesch BW write for Catalog 
57A today. 


BOESCH MANUFACTURING 
COMPANY, INCORPORATED 
DANBURY, CONNECTICUT 
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¢ REASONS 


WHY WESTINGHOUSE BONDITE VARNISH IS SUPERIOR 
TO ALL OTHER CONVENTIONAL TYPES... 


for all Class “A” and “B” Applications 


. BONDITE is saturated throughout with silicone, up- 7. BONDITE offers superior oil resistance for dry type 
grading the excellent properties of the other resins and oil immersed transformers. 
in the varnish. . : 
BONDITE ASTM Flex Life or Heat Endurance, is 


. BONDITE not only repels surface-moisture — its nearly double the life of most conventional varnishes. 


resistance is effective throughout the cured mass! . i 
. BONDITE isa product of Westinghouse Research — 


. BONDITE retains its high dielectric strength at high with an outstanding record of proven performance. 


temperatures in continuous service. 


. BONDITE meets MIL-V-1137 A specification, Type 
M, Grade CB. 


. BONDITE has flexibility in application... it’s 
available in consistencies for either dipping or 
impregnation. 

. BONDITE is fully thermosetting, providing excellent 
through cure. 

WESTINGHOUSE ELECTRIC CORPORATION 


Benolite Plant ° Manor, Pennsylvania 


. BONDITE uses Jow toxicity naphtha as the thinner, 


Please send me your Complete Line Catalog on 
Westinghouse Benolite varnishes, enamels, finishes 
and varnished insulations. (8-7206) EM 8-57 


you Can Be SURE...1F ITS 


Westinghouse 


Name 
Title 
Company 
Address 
City 


cee ee 
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WHAT GOES INTO A 
CHICAGO STANDARD 


FILTER? 


capacitors... 
inductors...and 


ENGINEERING! 


This schematic is typical of the thou- 
sands of complex filters regularly de- 
signed and built by Chicago Standard 
engineers . . . engineers who have the 
highly specialized knowledge and experi- 
ence, in both mechanical and electrical 
design, that is essential to good filter 
production. 

Using both toroidal and laminated in- 
ductors, they design compact, efficient 
and reliable units, with high Q and low 
loss. For 


BAND PASS 
BAND REJECT 


LOW PASS 
HIGH PASS 


FILTERS FOR ANY 
FREQUENCY RANGE 
FROM D.C, TO 
ONE MEGACYCLE 


WUUUUUUGUCUCUUCuCuCUueUuCuCduuOUOUUE 


5650 uufd 


OUOUdRUUeN 


1.700h 


PH" OSOS 


GOUCUOGRR 


A25h 


PI” OOOS 


2300 uufd 


5650 uutd 


OO000 00000 


1.700h 


710 uuftd 


D000 0000R 


213h 


2850 uyutd 


1990 putd 


OO00CO0UN 


0518h 


VUUUUUVORY 
213h 


DUUUUQUVUUQUUUVUVUUUCUUUUUUOUUUVUUUU 


NW 


125,00012 eu} 


and for any unusual audio network, designed to your most 
exacting specifications, your best choice is Chicago Standard. 


CHICAGO STANDARD 
TRANSFORMER CORPORATION 


3501 ADDISON STREET - CHICAGO 18, ILLINOIS 


Export Sales: Roburn Agencies, Inc., 431 Greenwich St., New York 13, N. Y. 
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air at atmospheric pressure to leak 
into an evacuated vessel. 

The device has a response as low as 
2 sec and a high resolution which 
helps eliminate the possibility of re- 
sponse to elements other than the 
tracer gas (hydrogen or helium) in- 
troduced into a system for leak de- 
tection. 

Electronic circuitry of the M-2 


| detector is less complicated than a 


home radio. Use of plug-in components 
simplifies maintenance, and operation. 
The mass spectrometer tube, for ex- 
ample, can be removed and replaced 
without shutting down the vacuum 
system. 

No special training is needed to op- 
erate the M-2. The operator simply 
opens and closes one valve. The device to 
be leak-tested is evacuated and con- 
nected to the leak detector. A small jet 
of tracer gas (usually helium) is then 
sprayed over the surfaces of the equip- 
ment under test. If a leak is present, 
the sensitive instrument locates the leak 
which is indicated on the operator’s 
control panel. An audible alarm is also 
available for indicating a detected leak. 
General Electric Co., Schenectady 5, 
MY. 
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50-WATT SOLDERING PENCIL 


A new soldering pencil is equipped with 
a long-life 14-in. tip, rated at 50 watts, 
capable of doing the work of 100-watt 
soldering irons, yet weighing but 2 oz. 
A new stainless steel alloy for the ele- 


ment housing plus a unique design in 
ventilation insures a coo! comfortable 
handle and maximum soldering efh- 
ciency. A coated copper tip gives long 
life even under the severe conditions 
required by the 50-watt rating. Using 
nickel-chromium and mica-wound ele- 
ments, both element and tip give ex- 
ceptionally long life. Operate on 
a-c or d-c, 110 or 220 volts. Hexacon 
Electric Co., 177 E. Clay Ave., Roselle 
Park, N. J. 
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Whatever packaging you choose for the 

Roebling Magnet Wire you buy, you are 

certain the wire is of unsurpassed quality! 
Modern manufacturing methods. 


. quality 
ingredients . . 


. wire-making skill based on 
decades of experience -.. exacting testing 
and inspection—all these factors combine 
to assure this one high standard. Yet quality 
Roebling Magnet Wire costs no more than 
others! 


Roebling Magnet Wire comes in types 


and sizes exactly suited to your 

applications... and packaged to 

give you utmost flexibility, eff- 

me ciency, economy. Write Electrical 

Wire Division, John A. Roebling’s Sons 

Corporation, Trenton 2, New Jersey, for all 
the facts. 


ROE BLING A 


Branch Offices in Principal Cities i 


Subsidiary of The Colorado Fuel and Iron Corporation 











Literature 


for the Design Engineer 


All-new listings of manufacturer’s literature just off the 


press... 


. including catalogs, manuals and other reference 


publications relating to components and materials for 
designed-in use in electrically energized end products. 





MIDGET TANTALUM WIRE CAPACI- 
TORS— Ultra-small tantalum wire elec- 


trolytic capacitors are the subject of 
a recently released bulletin supplement 
that also describes the now expanded 
Provided are the 
maximum capacities and voltages for 
each of the six case sizes. Listed are 
the stock values immediately available. 
Data concerning Mylar-sleeve insulated 
capacitors are also provided. Ohmite 
Manufacturing Co. 


line of these units. 
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MICA PROPERTIES AND APPLICATIONS 

Small brochure entitled “Natural 
Mica Properties. Applications & Pre- 
cision Fabrication.” lists many applica- 
tions of natural mica in 
equipment and 


electrical 
presents a property 
table of mica. Also reviewed are mica 
fabrication. including material selection 
and fabrication methods. Discussed 
considerations and 


other topics. Ford Radio & Mica Corp. 
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also are design 


STANDARD ELECTRIC MOTORS. Com- 
plete with a cutaway view pointing out 
advanced design features of a line of 
standard electric motors. 12-page bro- 
chure describes such types as totally 
enclosed fan-cooled normal speed mo- 


tors: UL- approved explosion - proof 


normal speed models: and normal 
speed fractional - horsepower — types. 
254 


Among other models available are mo- 
tors with integrally mounted magnetic 
brakes. Illustrated case histories show 
how special-purpose motors can be pro- 
vided to fit required equipment speci- 
fications. Sterling Electric Motors, Inc. 
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GUIDED-MISSILE TUBE LINE Seven 
new subminiature tube types, designed 
and developed under a Navy contract. 
have been added to the Gold Brand 
line of reliable tubes. Data are pro- 
vided in a series of engineering data 
service sheets punched for a three-hole 
binder. The new subminiatures incor- 
porate a mount structure design to 
meet the reliability requirements of 
guided missiles service. Sylvania Elec- 
tric Products Inc. 
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TRANSISTOR WALL CHART 
with a 


Complete 
interchangeability 
chart. illustrated wall chart provides 
detailed technical information on ger- 
manium alloyed junction transistors. In 


transistor 


addition terms are defined. and circuits 
shown. General Transistor Corp. 
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TRANSISTORIZED 


Transiply 


INSTRUMENTS 
miniature power 

supply is one of the transistorized in- 

struments described in a full page bro- 


tubeless 


chure previding illustrations and speci- 
fications for a new line of products. 
include an 
broad-band audio-video portable volt- 
meter: a small plug-in-wide-band tran- 
sistorized video amplifier: a new all- 
transistorized low-capacity RF probe; 
and an all-transistorized beat frequency 
oscillator. Also available are 
other instruments including a_ multi- 
crystal-controlled transistor oscillator. 
Kav Electric Co. 
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These all-transistorized 


audio 


OIL-TIGHT PUSHBUTTONS—Bulletin 
B 7022 illustrates features of Westing- 
house “Oil-Tite” control pushbuttons 
for application in manual control where 
liquids such as oil, coolants, and water 
pressure present a problem. Enclosures 
are designed to effectively guard elec- 
trical parts against damage from such 
sources. Single controls and multi-sta- 
tion units are illustrated. Westinghouse 
Electric Corp. 
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TAPE WOUND CORE DESIGN MANUAL 

Applications of high permeability 
magnetic materials have increased to 
such degree that new catalog TWC-200 
has been prepared with a separate sec- 
tion serving as a design manual for 
engineers and scientists. Basic infor- 
mation is provided on magnetic termin- 
ology, design equations, material char- 
acteristics and testing data. Data are 
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the Beryllium Copper ROLLPIN’ 


Strong .. . highly resistant to corrosion .. . nonmagnetic . . . extremely conductive 


Now you can use Rollpin to cut assembly and maintenance Rollpin has already established its ability to replace taper 
costs in a whole new group of applications. A new line made pins, straight pins and set screws; to serve as a rivet, dowel, 
of beryllium copper, one of the strongest of the copper base hinge pin, cotter pin or stop pin . . . eliminating special ma- 
alloys, opens the door to a wide variety of uses where re- chining, tapping and the need for hole reaming or precision 
sistance to corrosive attack, good electrical properties and tolerances. Driven into a hole drilled to normal production 
other unusual characteristics are required. These: slotted standards, it locks securely in place, yet can be readily 
tubular copper spring-pins can be used in assemblies that drifted out and reused whenever necessary. 

range from plumbing fixtures to electrical instruments, par- Rollpin is available in beryllium copper from .062”- di- 
ticularly in conjunction with other copper base alloy com- ameter to .250’- diameter, and in steel and stainless steel up 
ponents. to .500”- diameter. 


ELASTIC STOP NUT a eananon OF AMERICA 


Dept. R35-822, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 


a clevis Please send me the following free fastening information: 


pin 
en [] Data on beryllium [] Here is a drawing of our product. 
3 copper Rollpin What self-locking fastener would you 
suggest? 


Name Title__ 


Firm 


Street_ 


replace tapered pins @ set screw City_ 
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Discover the advantages of GLASTIC ! 


GLASTIC Class B electrical insulation offers 
material savings, product improvement 


Save the cost of excessive thicknesses of phenolic laminates! 
Glastic Grade TS—as well as the 10 other standard Glastic grades 
—offers up to 20 times the impact strength of phenolic laminates. 
This high impact strength allows the use of thinner sections while 
still providing a higher factor of safety. Thinner sections mean 


eC mh ea 
STE ay 


outstanding material-cost savings. 


The Glastic engineering staff is ready to help you investigate the 
savings and product-improvement you may make by specifying 
Glastic fiber glass reinforced polyester laminates. Tell us your 
requirements; we'll send free samples for your evaluation. Or write 
for our new chart that lists 28 physical, thermal and electrical 


properties of 11 standard Glastic grades. 


= Lamingtos ° Fabricated Parts _ ° Custom a Molding * Extruded Shapes ; 
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THE GLASTIC CORPORATION 


4321 Glenridge Road 
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Cleveland 21, Ohio 
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presented on advantages and construc- 
tion features of tape wound cores pro- 
duced by manufacturer. Ordering of 
cores and matching of cores are also 
reviewed, with typical hysteresis and 
a-c dynamic loops shown for Hy Mu 
80, 48 Alloy and Orthonol. Magnetics, 
Inc. 
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ELECTRONIC COMPONENTS GUIDE— 
Presented in manufacturer’s 1957-58 
electronic components guide are data on 
resistors and other electronic compo- 
nents, including those made by subsidi- 
ary companies. Typical of the range of 
products are the brief descriptions of 
magnetic amplifiers, audio attenuators, 
computor components, and magnetic 
clutches and drives. Tables provide 
specifications on fixed and adjustable 
resistors. International Resistance Co. 
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MINIATURIZED CAPACITORS— Minia- 
turized Stablex D capacitors are now 
available in voltage ratings up to 25 
volts and in capacities from 1 to 50 mf. 
Catalog 1117B points out such sug- 
gested applications as meter damping, 
RC circuits, computers and radio fre- 
quency circuits, among others. Curves 
show characteristics; other  illustra- 
tions are also provided. Industrial 
Condenser Corp. 
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on page 17 


FERRITE MAGNETIC MATERIALS — 
Fully described in an 8-page illustrated 
bulletin are the nature of ferrites, as 
well as their advantages and _ limita- 
tions. Method of production is covered 
and specific applications in electrical 
and electronic equipment reviewed. 
Text and illustrations provide addition- 
al data on available shapes and sizes. 
General Ceramics Corp. 
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PRECISION ELECTRONIC TEST EQUIP- 
MENT—lIllustrated 2-page short form 
catalog provides descriptions and speci- 
fications for variety of precision elec- 
tronic units including an automatic hi- 
pot tester; null detectors; a null me- 
ter; impedance comparators. Addition- 
al listings provide data on a phase 
meter, precision power oscillators and 
related equipment. Industrial Test 
Equipment Co. 
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PLASTICS PRODUCTS GUIDE—A 16- 
page pricing guide for a line of plastics 
and coated electrical tubings gives easy 
access to information not only on 
prices but on the availability of sizes 
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and types of available electrical tubing. 
Properties of each type of tubing and 
application data are provided. Included 
is a selector chart for plastics tubing 


containing useful reference informa- | 


tion. A similar chart is also provided 
for the various types of coated tubings 
that can be obtained from the com- 
pany. Irvington Div., Minnesota Mining 
and Manufacturing Co. 
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GEAR MOTORS—Parallel-shaft ELEC- 
TRA-gearmotors are graphically de- 
picted in Bulletin 60-2. Included in the 
extended line are integrally mounted 
and motor coupled models in ratings 
from 1% through 60 hp. Electra Motors 
Inc. 
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PART-WINDING STARTERS — Four- 
page Bulletin GEA-6606 discusses ad- 
vantages of new two-thirds part-winding 
starters and compares two-thirds wind- 
ing with one-half winding starting char- 
acteristics of a typical motor. General 
Electric Co. 
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STEP SWITCH—Two-page data sheet is 
available on MT Series Step Switch 
for machine tool and other industrial 
control circuits. Specifications given as 
well as suggested uses in the form of 


elementary wiring diagrams. Eagle | 


Signal Corp. 
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GYROS—Bulletin ADC107 gives speci- | 


fication data on Honeywell gyros for 
aircraft use. Types include miniature 
integrating gyros, floated gyros, rate 
gyros, cageable vertical gyros, and also 
special types for inertial systems. Min- 


neapolis-Honeywell Aeronautical Di- | 


vision. 
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SUBMINIATURE COMPOSITION RE- 
SISTORS—New molded composition re- 
sistors only 0.067 in. in diam and 0.140 
in. long are the subject of Bulletin 150. 
Expanding a line of 1%, 1 and 2-watt 
resistors, the midget units are rated at 
Yo watt. Ohmite Manufacturing Co. 
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MAGNETIC HUM AND ELECTRO- 
STATIC SHIELDING—Subject of Data 
Sheet 129 is how to wrap audio trans- 
formers, chokes and other square or 
rectangular components using newly 
developed Co-Netic flexible foil to pre- 
vent magnetic hum. Information is pro- 
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Discover the advantages of GLASTIC ! 


Heat Resistance 


age) 5 3 
HEAT EXPOSURE 
Nata web its 
AT 150°C. 


GLASTIC Class B electrical insulation 
won't warp or shrink under high heat 


Both laminates in the photo were exposed to 150° C. for 200 
hours. CE phenolic warped, shrank and became brittle; Glastic 
Grade TS retained 100% of original planity, 99.92% of original 
length, and 100% of original impact strength. Al] Glastic laminates 
are dimensionally stable during and after exposure to Class B 
temperatures (125°—150° C.). 


Does this suggest more trouble-free performance and increased 


value for your product? Or material savings through the use of 
thinner sections? 


Tell us your requirements; Glastic engineers are ready to help 
you. We'll send free samples for your evaluation. Or write for 
our new chart that lists 28 thermal, physical and electrical prop- 
erties of 11 standard Glastic grades. 


Class B Insulation «, at Class A Prices. 


= x es 


THE GLASTIC CORPORATION 


4321 Glenridge Road Cleveland 21, Ohio 


Laminates « Fabricated Parts e Custom Molding ¢ Extruded Shapes 
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CROUSE-HINDS compan 


CONDULETS ° 
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Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Instruments, Inc., 
Springdale, Conn., gives some “reasons why”: 


“Many of the gases examined by our infrared analyzers are 
flammable. We use Crouse-Hinds explosion-proof Condulets as 
a built-in feature of our highly sensitive instruments—to protect 
chemical and industrial plants, medical and experimental lab- 
oratories, and many other users, against explosions. 

“We have settled upon Crouse-Hinds explosion-proof Con- 
dulet equipment for many reasons: 

“First, of course, is the sniversal acceptance of explosion- 
proof Condulets by safety men everywhere. There is a large 
assortment of standard and special housings. We like the sim- 
plified construction which provides easy access and plenty of 
room for repairs and alterations. We know our customers like 
it, too.” 

There are more than 15,000 items listed 
in the Condulet Catalog: conduit fittings, 
plugs and receptacles, motor controls, 
lighting fixtures, switches, hundreds of 
others, both explosion-proof and conven- 
tional. Make your selections with confi- 
dence. You get the best when you get 
Condulets. 


@ Our distributors have the facts. Or 
consult your telephone directory for 
the nearest Crouse-Hinds Office. 


NATIONWIDE 


DISTRIBUTION \ 


eaclusively through 


ELECTRICAL 
DisTRisuToRs / 


Main Office and Factory: Syracuse, N. Y. 


Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


Sales offices in principal cities 
FLOODLIGHTS + TRAFFIC SIGNALS 
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AIRPORT LIGHTING 


vided by means of 14 photographs and 
captions. Magnetic Shield Div., Perfec- 
tion Mica Co, 
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PHOTOELECTRIC DEVELOPMENTS 

Plug-in-mounted photoelectric controls 
and light sources are included in a cata- 
log supplement devoted to new photo- 
electric developments. Other pages are 
devoted to new miniature phototube 
and light source heads with installation 
diagrams; new one-package photoelec- 
tric controls, impact-actuated electronic 
controls, current-surge-actuated — elec- 
tronic controls, and combined photoelec- 
tric and timing controls. Autotron, Inc. 
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STEP-DOWN TRANSFORMERS — Ac- 
cording to claims made in Catalog SD 
311, line of stocked step-down trans- 
formers are an economical way of pro- 
viding 115-volt service when only 230- 
volt power circuits are available. The 
transformers may be mounted on all 
types of equipment and connected to 
the 230-volt power circuit. Steps taken 
to provide efficient performance and 
long-life are described. Application 
data are provided. Acme Electric Corp. 
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MOTOR STARTERS AND CONTACTORS 
—Designed to assure full-rated capaci- 
ty, maximum motor protection, longer 
life and easy maintenance, motor start- 
ers and contactors are available in a 
line of 4, 5 and 6 (Type 425), 50 to 
400 hp. Twelve-page bulletin points out 
applications of these units in practical- 
ly all types of drives, including blow- 
ers, fans. furnace controls, and pumps. 
Special design eliminates need for con- 
ventional blowout coils. The contactors 
utilize thermal conduction and mag- 
netic action to center, rupture and 
quench arcs quickly and effectively. 
Allis-Chalmers Manufacturing Co. 
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WELDERS FOR ELECTRICAL ASSEM- 
BLIES—Bulletin 8-313 describes resist- 
ance welders designed to mass-produce 
electrical contact, conductor and _ ter- 
minal assemblies. Illustrated are sam- 
ples of resistance welded assemblies, 
special welding equipment, and tooling 
required for mechanized handling. The 
Taylor-Winfield Corp. 
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CORROSION RESISTANT PIPE COUP- 
LING—Bulletin No. 270 describes the 
“HK” quick-disconnect coupling, using 
Teflon seals throughout. It will handie 
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With a modern power saw—easy does it. It’s 
easier on the inside, too, because this manufacturer 
has equipped vital components with extra tough, 
greater wear resistant OILITE precision parts. The 
manufacturer’s report indicates that OILITE 
powder metal sprockets and gears offer greater 
wear resistance than alloy steels. 

Furthermore, in using OILITE precision parts 
the manufacturer of the power saw realizes sub- 
stantial cost savings over parts fabricated by any 
other process. 


What this manufacturer is accomplishing with 
OILITE precision parts, you can too. Or, perhaps, 


p CHAYR Le 


Only 


in power saw resist 
wear better than steel 
and cost less 


in your case OILITE self-lubricating bearings and 
bearing materials can help you lick the problem of 
providing lubrication in hard-to-get-at places. In 
permanent metal filters, too, OILITE provides a 
wide choice of shapes, sizes and porosities to meet 
product requirements. 


Amplex—volume producer of Chrysler-engi- 
neered powder metal components—can meet your 
production schedules with on-time deliveries in any 
quantity. 


Helping solve the problem of others is a daily 
occurrence at Amplex. This Chrysler-Amplex 
engineering service is available to you too. 


Chrysler Makes Oilite* 


AMPLEX DIVISION 


PRoouUcT 
*OILITE is a 


registered trademark 


¢ FINISHED MACHINED PARTS «+ 


CHRYSLER CORPORATION + 


Representatives and dealers located throughout the world 


PERMANENT METAL FILTERS «+ 


DETROIT 31, MICHIGAN 


FRICTION UNITS «+ 
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in production’ 


die cast tiny 


The unusual flexibility of Gries’ die casting technique may 
answer your small parts problem. With almost unlimited 
design latitude, your designs—whether simple or complex— 
can be made exactly to your specifications, 
swiftly, accurately, economically. Cast in zinc 
alloy, in one automatic operation, completely 
trimmed! Let Gries’ engineers solve your 


Quick delivery on quantities | 
of 100,000 to many millions. 


NO MINIMUM SIZE: 
Maximum Weight: 12 oz. 





<q “impossible” problems. Maximum Length: 134” 
i FACT-FILLED BULLETIN — showing how World's Foremest 
: Gries’ ingenious, economical operations Producer of Small 


can solve your problems. 


Send prints for quotation; 
write today for bulletin. 


GRIES REPRODUCER CORP. 


149 Beechwood Ave., New Rochelle, N. Y. 


@ Phone NEw Rochelle 3-8600 
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TIMER RELAY 
that handles all 
controlled timing 
problems ... 


% No false contacts 
% Non sticking 






COIL 
ENERGIZED 






} 
} 





% Practically "fail safe" 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 







This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 


normally open or normally closed 
action, 


COIL 
DE-ENERGIZED 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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acids, alkalies, solvents and high pres- 
sure steam. This coupling is said to 
function perfectly between —100 F and 
-+-500 F. Coupling can be furnished in 
stainless steel, brass, aluminum or spe- 
cial carbon steel. Snap-Tite, Inc. 
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ELECTRIC ERASING MACHINES—Char- 
acteristics of an electric erasing ma- 
chine, described in an illustrated one- 
page data sheet include cool operation 
under heavy work conditions. The Sov- 
ereign machine has a minimum torque 
and automatic stall control to protect 
drawings against damage from excessive 
pressure. Frederick Post Co. 
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BERYLIUM COPPER PARTS—Bulletin 
A-57 illustrates precision screw machine 
products made to the closest tolerances 
in beryllium copper. The smaller parts 
range down to 0.030 in. diam., the larger 
parts to 1 in. diam. Instrument Special- 
ties Co., Inc. 
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ENCLOSED SNAP-ACTING SWITCH— 
Subminiature, fully enclosed snap-act- 
ing switch is described in an illustrated 
one page data bulletin pointing out its 
usefulness where installation space and 
weight are important factors. Flat ter- 
minal lugs are provided to permit wir- 
ing hook-up from any direction. The 
switch is available with standard 
plunger or leaf-type actuator. Unimax 
Switch Div., The W. L. Maxson Corp. 
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PRECISION CERAMICS — Pointing out 
that the outstanding qualities of pre- 
cision pure oxide ceramics have opened 
many new avenues of research, promis- 
ing excellent performance in a host of 
such applications as sintered alumina 
tubing, rods, discs, spacers, vacuum 
tube housings, and host of others, 12- 
page brochure provides a_ series of 
curves and tables as well as descriptive 
matter that describe available ceramic 
products. For high-speed, high-tempera- 
ture requirements, the material is very 
useful because of its high thermal 
conductivity, low thermal expansion 
and light weight. Kearfott Company, 
Inc. 
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MIDGET GENERAL-PURPOSE RELAYS 
- Available with dustite plastic en- 
closures, a line of general-purpose re- 
lays, the GHH Series is the subject of 
a 4-page brochure providing additional 
information on open types and group 
and series specifications. These new 
midget relays are engineered for high 
efficiency and low cost. Electronics 


Div., Elgin National Watch Co. 
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STACKPOLE 


Quick-Filming 


Sade holed oes 


One of the most outstanding advances 
in aviation brushes since Stackpole’s 
wartime production of the first long- 
elie: (lee 


NOW! Immediate HIGH-ALTITUDE 
BRUSH PERFORMANCE 


... Without any sea level filming run 


Stackpole Aviation Brushes in a new line of Quick-Filming grades give immediate 


and highly satisfactory high-altitude performance. No break-in filming run is needed. 
Just seat the brushes properly and they’re ready to go. 

Best of all, immediate filming for service at higher and still higher altitudes has 
not been obtained at the expense of any other essential phases of brush performance. 


Note these features: 


EXCELLENT COMMUTATION from 
no load to full load; from minimum 
speed to overspeed; and through rapid 
transitions from earth surface to 
high altitudes, Stackpole Quick-Film- 
ing Brushes assure smooth, well-filmed 
commutators without grooving. 


LONG LIFE—Seldom if ever will it be 
necessary to obtain a waiver on high- 
altitude brush life specifications. 


F 


a 


a 


operating conditions. 
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GREATER STABILITY over a wide 
range of operating conditions. You'll 
be pleasantly surprised with the rela- 
tive stability of Stackpole Quick-Film- 
ing brush temperature, field current 
and commutation under speed, load, 
temperature and altitude variations. 


LOWER, MORE STABLE BRUSH 
TEMPERATURES— Vastly improved 


commutation combines with exception- 


gg Mireratt Brush Inquiries Invited 


Stackpole Quick-Filming Brushes are available in many contact drop 
levels, with various degrees of high-altitude treatment, and in types, 
for practically any aviation rotating electrical equipment. Stackpole 
brush engineers welcome the opportunity to apply them to your avia- 
tion equipment, old or new. 
be made on the basis of complete details of the equipment and test 


Best recommendations can, of course, 
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ally low friction coefficient to reduce 
and stabilize brush operating temper- 
atures materially. 


CONTACT DROP vs Current Density 
curve that approaches a straight line 
relation—This feature helps distribute 
brush wear uniformly, counteracts se- 
lective wear on multiple-brush instal- 
lations. A wide range of values is avail- 
able to meet specific application needs. 


NON-CORROSIVE, STABLE TREAT- 
MENT — The special Quick-Filming 
treatment of these Stackpole aviation 
brush grades readily lends itself to sil- 
ver-soldering of rivet connections. 


STACKPOLE 


CARBON COMPANY 
St. Marys, Pa. 





3, DUPLICATE HOLES 
| tomatic hy / 


WITH THE WALES 
FABRICATOR-DUPLICATOR 


PUNCH ACCURATE HOLES FROM ANY MASTER TEMPLATE! 


Holes in the template, mounted on the Duplicator, are auto- 
matically precision punched in the work piece . . . which is 
mounted on the Fabricator. Any size or shape hole within the 
limits of 34%” dia. can be 

handled on a quick change 

basis. Punch and die 

changes are made in sec- 

onds so that patterns with 

various size holes can be 

duplicated at high speed. 

This equipment is a com- 

plete punching shop in it- 

self ... fast ... accurate ... 

rugged and priced within 

the reach of any shop. 


WALES MOBILE FIELD UNITS 


We'll bring the Fabricator 
Duplicator right to your door 
for a demonstration 

Ask for details. 


SEND FOR BULLETIN NO. 12G 
Time studies, specifications 
illustrations etc., are all 
yours for the asking. 


WALES57740/ COMPANY 


AKRON, NEW : YORK 


WALES-STRIPPIT OF CALIF., SOUTH GATE, CALIF. 
WALES-STRIPPIT OF CANADA LTD., HAMILTON, ONT 
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midget relays are engineered for high 
eficiency and low cost. Electronics 


Div., Elgin National Watch Co. 
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VOLTAGE REGULATED POWER SUP- 
PLIES—TIllustrated four-page brochure 
describes new lines of semiconductor 
voltage regulated power supplies: 
semiconductor d-c to d-c converters: 
and magnetic amplifier voltage regu- 
lated power supplies. Also included are 
specifications on manufacturer's wid 
range and narrow range electronic ts pe 
voltage regulated power supplies. 
Kepco Laboratories, Inc. 
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5-INCH HIGH RESOLUTION POTENTI- 
OMETER—Special features of a 5-inch 
high resolution precision potentiometer, 
series HP-500, are presented in a 2-page 
bulletin. The potentiometers are de- 
signed for precision applications where 
resolution and linearity requirements 
exceed physical size considerations. Use 
is made of a precious metal brush, col- 
lector and tap contacts. Other construc- 
tion details and general specifications 
are provided. DeJur-Amsco Corp. 
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FREQUENCY MEASUREMENT DATA 
FILE—The many ways in which fre- 
quency meters can be used are dis- 
cussed in data file 111 entitled ‘“Fre- 
quency Measurements and How to 
Make Them.” Covered in the 17-page 
booklet are such topics as measure- 
ment of low to UHF frequencies; rota- 
tional velocity; temperature and strain. 
Tables, flow diagrams, and other illus- 
trations are provided. Beckman/ Berke- 
ley Division of Beckman Instruments, 
Inc. 
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DESIGNING PRECISION INVESTMENT 
CASTINGS—Second edition of “How to 
Design Precision Investment Castings” 
is a pocket-sized booklet that has been 
expanded to contain new process in- 
formation and case histories. The illus- 
trated booklet serves as a guide to metal 
working design engineers desiring a file 
of both the benefits and limitations of 
the lost wax investment casting process. 
Design principles are reviewed and a 
materials chart is included. Midwest 
Precision Castings Co. 
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SOCKET-SCREW PRODUCTS —32-page 
revision of manufacturer’s catalog of 
standard socket screw products, pres- 
sure plugs and dowel pins devotes 
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| GENERAL €@ ELECTRIC 


"SILICONE GLASS 
CLOTH LAMINATE 


. 


High heat resistance—250° C. 


4 SUGGESTED APPLICATIONS 
G-E Textolite 11556 has been used 
successfully in applications of 
high temperature motors, transformers and 
relays. Can be used as slot wedges, 
terminal boards, spacers or wiring boards. 


Laminated Products i {-] Please have your 
Sec. El-67, Coshocton, Ohio representative call. 
(1) Please send me technical data ‘on G-E Textolite® 
11556 silicone glass cloth laminate. 


Progress /s Our Most /mportant lan nag eg ng sagen oni 
GENERAL ‘36 ELECTRIC ee er 
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RTT Maca ML tla Z 
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How can you design 


¢ Reliability . . . 
¢ Maintainability . . . 
¢ Operator efficiency .. . 


and other human factors 
into your equipment? 


For basic concepts and practical 
how-to" design guides get a copy 
of the multiple reprint . . . 


Human Engineering 
in 
Equipment Design 


This 94 page handbook contains previously published ELECTRICAL MANU- 
FACTURING articles on theory, techniques and practice of human engineering 
written for the special needs of the designer of electrically energized machines, 
equipment, appliances and instruments. Relationship between human engineering 
and broad aspects of reliability and maintenance are discussed. Certain articles 
emphasize design case histories and analyses of specific design parameters, in- 
cluding problems in military equipment, contro! systems, data processing systems, 
special-purpose instrumentations, and training devices. Methods for setting up 
human engineering groups within an engineering organization are given. Tables 
of human engineering “do’s and don'ts” and other practical design aids are 
provided. Contents include: 


Introduction to Human Engineering in Product Design 
Human Engineering in Control Systems 
Designing for Operator Size and Shape 
Human Engineering in Civilian Products 


Human-Engineered Electromechanical Tactual Sensory Control 
System 


Human-Engineered Design for Reliability and Maintenance 
Human Factors in Automaticity (an Editorial) 

Human Engineering in Equipment Design 

Your Product: How Light? How Small? How Compact? 
Design of Graphic Control Panels 


Price per copy $2.50. Orders, with remittance attached, should be sent to: 


Reader Service Department, The Gage Publishing Company 
1250 Sixth Avenue, New York 20, N. Y. 


(Special price on bulk orders.) 


major attention to heat-treated alloy- 
steel and stainless-steel Unbrako socket- 
head cap and set screws. Other socket- 
screw products reviewed are stripper 
bolts, flat heads and button heads. 
Other catalog sections cover square- 
head set screws, Dryseal-thread pressure 
plugs, precision-ground dowel pins and 
socket-screw keys. Standard Pressed 
Steel Co. 
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NICKEL-PLATED COPPER 10% —Tech- 
nical information on manafacturer’s 
Nickel Plated Copper—10% points out 
the usefulness of the electrical conduc- 
tor for intermediate high temperatures 
(300 to 650 F), for oxidizing conditions 
and where corrosive atmospheres exist. 
Sylvania Electric Products Inc. 
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INSULATED WIRE AND CABLE; CORD 
SET ASSEMBLIES—Designed to serve as 
a reference file on maker’s cord set as- 
sembly, insulated wire and insulated 
cable, and other products both stand- 
asd and customized, new 40-page cata- 
log contains much helpful information 
compacted into tabular form. Basic de- 
sign of the catalog permits its use as 
either an exhaustive presentation of in- 
dividual products and services or as a 
review of maker’s entire line—with 18 
pages devoted to specification drawings 
of new plugs. Phalo Plastics Corp. 
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TIMING DEVICES — Electric timing 
motors, electric timing devices, and 
electric clock movements form the 
subject of a catalog produced in file 
folder form. Data are provided on 
hysteresis electric timing motors, clutch 
electric timing motors, and reversible 
electric timing motors, among others. 
Timing devices include interval timers 
and time-delay timers, as well as cycle 
timers. Additional pages provide data 
on rectangular electric clock movements 
and other products. Haydon Manufac- 
turing Co., Inc. 
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TRANSFORMER CORE DESIGN—Trans- 
former and Core Design and Applica- 
tion Manual — entitled “Type ‘C 
Hipersil Core Design and Application 
Manual,” 24-page booklet has been pre- 
pared for those concerned with the de- 
sign and manufacture of transformers 
and reactors. Texts, photographs, data 
charts and other illustrative material 
explain what the Type “C” core is, 
how the cores are made, as well as how 
they are best applied. Recommended 
methods of mounting the cores and 
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Need a “SPECIAL” TIMER 
...need a°STANDARD"? 


+ 
| } 





Here’s why 
WE can give you the 
fastest service 


| 
[ 
When you want a timer, you want one that fits 

your needs 100% —and you want it fast. Get in touch 
} with Industrial and you'll get both. Because: 

In our 20 years of experience, we have developed 
over a thousand combinations from our 17 basic types, to 
meet the widely varying needs of our customers. 

[3 Therefore — many jobs that would seem to require a 
Timers i. LAS : | ef “special” timer are in fact a ‘standard’ timer with us. 
1 Dae at Here is one tremendous saving of time for you. 


Interval 


When you do need a special timer, this same wealth 
of experience goes to work for you at once to design it. 
Our Engineering Department not only originates new 
designs, but also develops modifications for that purpose. 
That's why requests for special timers can be 
filled without delay. 


Each method — designing for a standard timer or 
for a special timer — has its advantages. Designing for 
an already available timer means lower costs, 
faster service, simplified replacements. 


Designing for a special timer has its advantages too. 
It means you'll fulfill your needs 100% —no need to 
limit your designing horizons. Either way — 
standard or special — you'll get the timer you want 
most promptly from Industrial. 


Or perhaps you need quick service on timers for 
automatic controls. Here too Industrial Timer is your 
first source of supply. For in this field 
Industrial has a big head start. True, each automatic 
control job is a bit different from the rest. 

But the record shows that our years of timer experience 
has given us the special knowledge it takes to give 
you the right answers in near-record time. 


So, for the utmost in all-round timer service, it's 
Industrial that offers you this outstanding combination: 
deliveries ‘Immediate on Standards . . . First on Specials.” 
Plus the experience of one of the foremost group 
of timer engineers in the nation. 





Timers that Control M Ae | INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 1411 McCARTER HIGHWAY, NEWARK 4, N. J. 
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designed to give you 
AS MUCH HEAT 


THE SPACE! 
NEW WATLOW 


(= IREREOP 


CARTRIDGE HEATING UNIT 
a new high i in watts densities 
and temperatures 


FOR EXAMPLE: 6 









The FIREROD can be rated at 368 
watts/ sq. in. while operating in a steel 
block at 500° F. with a fit of .005. At this 
watts density, a unit 1/2” 0. D. x 2-1/4" 
would have a rating of 1000 watts. 


The Firerod gives you amazing concentration of heat 
in a small cartridge heating unit. So much in so 
little space means new design flexibility for many 
applications. 


Units are available in lengths from 7/8" to 12", 
diameters of 3/8" and 1/2”, 


Pat. Pending 


For convincing test-proof and other data, write 
for new FIREROD BULLETIN #360 





SINCE 1922—DESIGNERS AND MANU- 
FACTURERS OF ELECTRIC HEATING UNITS 


ELECTRIC MFG. CO. 
1362 FERGUSON AVE. 
SAINT LOUIS 14, MO. 
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techniques of banding them are among 
other subjects discussed. Westinghouse 
Electric 
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Corp. 


ALUMINUM FOR ELECTRICALLY OP- 
ERATED EQUIPMENT—Text of “Rey- 
nolds Aluminum in the Electrical In- 
dustry” is devoted to the uses of 
aluminum in transformers, 
motors and other equipment. The illus- 
trated 12-page brochure points out the 
wide range of applications for alu- 
minum. Features include thermal con- 
ductivity, light weight, high conductiv- 
ity, corrosion resistance and ease of 
fabrication, Reynolds 


Metals Co. 
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generators, 


among others. 


EPOXY RESINS AND COATINGS 
Twelve-page bulletin lists applications 
of epoxy compounds for electrical and 
electronic insulation. Applications of 
other types of adhesives and sealings 
also listed, plus facilities of the com- 
pany to evaluate its products under 
severe environmental conditions. Hough- 
ton Laboratories, Inc. 
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GEARMOTORS AND PACKAGE DRIVES 
-Horizontal, vertical, right-angle, open, 
enclosed, explosion-proof, a-c and d-c 
units are illustrated in an eight page 
booklet providing additional data on 
respective reduction ratios and output 
speeds. The gearmotors are designed in 
accordance with AGMA classes I, II, 
and III; speed ranges: from 7.5 to 780 
rpm. Westinghouse Electric Corp. 
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DOUBLE-WOUND VARIABLE TRANS- 
FORMER—Text and illustrations of 4 
page Bulletin SE-L3578 describes a 
new Powerstat variable transformer, 
Type LW136. This double-wound trans- 
former has an isolated secondary on a 
single core. Connection diagrams and 
ratings are given for the Powerstat 
when used as a source of adjustable 
low-voltage isolated output, a limited 
range line corrector, or as a limited 
range “buck-boost” variable transform- 
er. The Superior Electric Co. 
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PRESSURE-SENSITIVE TEFLON ADHE- 
SIVE TAPE—Fasy-to-use 
has a pressure-sensitive 
ing on one side 


Teflon tape 
adhesive coat- 
that allows it to be 
quickly attached to metals, plastics, and 
other materials. Technical Bulletin No. 
\-3E. which describes “Self-Stick” pres- 
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Presently available in 
%e” diameter. 








ALLEN-BRADLEY 


7 
Allen-Bradley ceramic 
capacitors are fur- 
nished in five physical 
sizes—h%”", %”", 


%”, and %". 


mers Capacitors 


Pe } able ~ all these sizes. 










Now you can dip solder these Allen-Bradley capacitors on printed 
boards . . . and be assured of proper solder flow. A new coating 
material, applied by a new process, prevents all “run-down.” Lead 


ZZ wires are clean without scraping. 
Allen-Bradley quality ceramic capacitors are available in a wide 


variety of types to meet different requirements. General purpose 


RADIO, ELECTRONIC, tip capacitors are furnished in nominal capacitance values from 10 to 


20,000 mmf, with various ee ee ey 
TE LEVI SION COMPONE NTS 0,0 mmf with various temperature characteristic and tole r 
i. ances. There are also dual type, temperature compensating, inter- 
oe u — mediate voltage, and other special capacitors in this quality line. 

SS] QUALITY SS g I I 1 


The consistent reliability of these Allen-Bradley capacitors is con- 


firmed by approvals from the leading electronic, electrical and 
Allen-Gradiey Co. telephone laboratories. 
1309 S. First St., Milwaukee 4, Wis. Call your nearest Allen-Bradley office 


In Canada—Allen-Bradley Canada Ltd., Galt, Ont. for complete specifications, today. 


Tt en ee ee ee ee 


ALSO ...BARE DISC TYPE ; NEW STRIP MOUNTING 
oe Here's a — ceramic | PROTECTS LEADS 
y 4 J capatter " use ™ i : 5 ; : 
printed circuits. It is With this new strip mounting, Allen-Bradley 
Ss mounted directly in the ! ceramic capacitor leads are kept straight 
& < board and dip sol- 1 and uniformly spaced. Strip also provides 
e J dered. Investigate this | guide for cutting to desired lengths. Strip 
new convenient and low | mounted capacitors are supplied with 
& cost quality ceramic | standard 1/2” tinned leads. 
wit capacitor, today. { 
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Alternating stresses bear watching! 


Back and forth...up and down...in and out... if those stresses 
keep changing, the life of a metal part is a hard one... and often 
a short one. Stress reversals can cause “fatigue” failure 
at stresses far below the expected strength of the metal. 
One of the outstanding properties of phosphor bronze is its high resistance 


to fatigue failure. It is widely used for electrical switch parts, relay 


contact springs, bellows, rotating shafts and other moving or vibrating parts. 


For detailed information on phosphor bronze, write to 
Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. 





ALLOY METAL WIRE 
Prospect Park, Pa. 


RIVERSIDE METAL 
Riverside, N.J. 


PRENTISS WIRE MILLS 
Holyoke, Mass. 


RIVERSIDE-ALLOY METAL DIVISION 


H. K. PORTER COMPANY, INC. 
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sure-sensitive tape, points out that a 
special silicone adhesive provides a 
firm bond with high peel strength at 
temperatures up to 500 F. Chicago Gas- 
ket Co. 
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COLD ROLLED SPRING STEELS—Cata- 
log portion of an illustrated bulletin on 
cold rolled spring steels gives specific 
information on some of the leading 
types of spring and specialty strip steels 
available in each type listed by applica- 
tion, and material, finish, usual size 
range and chemical analysis in per cent. 
Illustrations show how the pure Swedish 
ore, sulfur-free fuel and high grade 
sponge iron are used in making the 
steel. Company facilities both here and 
abroad are described. Sandvik Steel, 
Inc. 
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PLASTICS WIRING DUCTS—Two types 
of non-flammable vinyl plastics wiring 
ducts for fast electrical control panel 
wiring are described in an illustrated 
4-page brochure. Both have covers that 
snap in place directly on the duct 
and provide quick access to the full 
width of the duct for quick installation, 
trouble shooting and modifications. 
Dept. EMC, Panduit Co. 
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ALUMALYTIC CAPACITORS—Useful in 
communications equipment, d-c alumi- 
num electrolytic capacitors, designated 
Alumalytic, are the subject of Bulletin 
GEZ 1912. Publication lists perform- 
ance characteristics and includes table 
enabling engineers to calculate capaci- 
tor from voltage and microfarad rat- 
ings. General Electric Co. 
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PLUNGER-TYPE MERCURY RELAYS— 
All-purpose plunger-type mercury relays 
are the subject of illustrated catalog 
157, produced in the form of a file 
folder, the catalog provides general 
information on design and operating 
principles as well as data on a com- 
plete line that includes a miniaturized 
model. This single-pole unit is useful 
for motor, general-purpose and lamp 
loads up to 20 amp or 1.5 hp at 115 
volts a-c Ebert Electronics Corp. 
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AXIAL-LEAD RESISTORS — Thermal 
matching of core, terminals, wire and 
vitreous enamel coating are characteris- 
tics of a line of axial-lead resistors de- 
scribed in a two-page illustrated bul- 
letin. Since expansion and contraction 
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This one modern Reuland — 


100 RPM QUTPUT 


Vif 
OG 
MOOT I TIN 


SHAFT SPEED 





power package does all five! 


- Today’s ingenous, automatic machines 

have demanded a whole new concept 
* in electric motors. No longer will “just 
any motor do” because the motor now 
becomes merely an integral part of the 
modern drive package. 

Reuland’s “Xpandable Design” idea 
originated this modern new approach 
several years ago. With this unique 
system, drives incorporating many 


‘Our New General Catalog Will Come 
in Handy — Sent FREE On Request 
Gives details on Reuland’s “Xpandable De- 
sign” . . . also shows how O.E.M.’s save 
money by using Reuland’s free “Special Mo- 
tor Library.” Get a copy for your files now, 


for sure. 


varied factors are supplied as a single 


unit . . . tailored to the needs of each 


individual customer. 

Modern Reuland Power demon- 
strates every day that there is some- 
thing new in electric motors. Whether 
your own drive needs are more com- 
plicated, or less, than the above sketch 
. . . it will pay you to take stock and 
compare with what Reuland can offer. 


meaner” 
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- This unit contains an internal fluid 


coupling . . . a two-speed reversing 
duty motor. . . gear reducer... and 
magnetic brake mounted between the 
reducer and the fluid coupling. It is 
typical of the literally hundreds and | 
hundreds of tailored adaptations | 
available as a result of Reuland’s | 
modern ‘‘Xpandable Design’’ idea. 
Ce) COR Me BU eel mele 
pact drive package saves costs and 
space and weight in comparison to | 
installing separate drive units. . 


WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Michigan — 
DISTRIBUTORS IN ALL PRINCIPAL CITI 


® REGISTERED TR 


ELIMINATE POWER WASTE 
AND RHEOSTAT COSTS 


NEW! 


miniature 
ATCOTROL 
manual set 
INPUT 
CONTROLLER 


Series 
J4-A 
ONLY 3%” SQUARE 


provides stepless kwh control ! 


When your electrically heated 
equipment needs less than full 
current, you set the Atcotrol Input 
Controller to the per cent of input 
you need and the controller auto- 
matically delivers the required heat 
without any waste. The standard 
unit operating on a one-minute 
time cycle can, for example, pro- 
vide a 60% input by causing the 
current to be on for 36 seconds 
and off for 24. Resistance elements 
which overheat and need frequent 
replacement are thereby eliminated. 

Also used on heaters, dehumidi- 
fiers, evaporators, driers, filters, 
presses, pumps, filling operations 
and other applications. 


HEAVY-DUTY CONTACTS 
Big, %%” diameter silver-load 


Other members of the growing 
ATCOTROL miniature line 


A-C TIMERS 
Stop cycle, auto- 
matic reset. 


D-C TIMERS 
Stop cycle, auto- 
matic reset. 


INPUT CONTROLLER 


A-C CONTROL A-C LOAD 
LINE LINE 


contacts are self-cleaning and quick 
breaking. Rated capacity is 25 am- 
peres at 115 volts a-c, 20 amperes at 
230 volts a-c, non-inductive load. 


MOUNTING AND SERVICING 
FEATURES 


Standard model (shown above) 
is mounted to panel by four screws. 
Deluxe model with plastic cover 
(similar to timers at lower left) 
requires no mounting screws. Syn- 
chronous motor needs no lubrica- 
tion. Simple removal of sleeve 
housing provides quick access for 
inspection. Nylon cams and gears 
assure quiet operation. One piece 
mold fiberglass reinforced, back 
plate includes semi-circular termi- 
nal block. Each terminal protected 
by 270° are barriers. Compact 
construction: 334” square by 4144" 
behind panel. 


AUTOMATIC TIMING & CONTROLS. INC. 


formerly 


Automatic Temperature Control Cc In 


Subsidiary of Safety Industries, Inc 
King of Prussia 6, Pa 


Please send me complete data on Atcotrol Input 
Controllers. 


NAME 


COMPANY 


STREET 


CITY ZONE____STATE 


C'rcle 278 on page 17 


are equalized, cracks and crazing are 
eliminated. Standard sizes are listed, 
construction details pointed out, and 
information provided on available coat- 
ings and power ratings. Hardwick, 


Hindle, Inc. 
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COMPRESSION MULTI-HEADERS AND 
PLUGS—-Comprehensive information on 
Vac-Tite 
type multi-headers and plugs is pre- 


hermetic — seal compression 
sented in a 16-page catalog presenting 
over 10,000 different types of hermetic 
seals. Parts have been 
essential information; part 
1umbers are simplified; and dimension- 
ing standardized for easy reference. 
Drawings and illustrations are included. 
Research and engineering facilities are 
available to solve special hermetic seal 
design problems. Hermetic Seal Corp. 
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grouped to 
provide 


PRESSURE TERMINALS AND CONNEC- 
TORS—Twelve-page bulletin S7_ pre- 
sents information on Sta-Kon pressure 
wire joints, terminals and connectors 
for all wire sizes from #22 to 250 
MCM. Data are provided on one-piece 
self-insulated wire joints, two-piece in- 
sulated wire joints and one-piece non- 
insulated wire joints. Installation tools 
are pictured. Additional pages describe 
such uninsulated terminals and con- 
nectors as ring tongue, forked tongue, 
flag tongue, three- and four-way con- 
nectors and two-way connectors. Proper 
installation tools are shown. ‘The 
Thomas & Betts Co. 
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MINIATURIZED AUTOMATIC CON- 
TROL Entitled Miniaturized Auto- 
matic Control with Meter-Relays (Non- 
Indicating )—new booklet includes the 
design improvements incorporated in 
the new and smaller model of the 
VHS meter-relay. Highly resistant to 
resonance under vibration, the unit has 
its rectangular case solder-sealed. Addi- 
tional text and illustrations describe 
the plug-in Compact control, a midget 
complete control available with a VHS 
unit as its center unit. Many pages 
are devoted to circuitry considerations 
and available models. Assembly Prod- 
ucts, Inc. 
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RELAY TERMS Glossary of relay 
terms, published in an 18-page booklet 
are taken from Definitions of Relay 
Terms, as published by the National 
Association of Relay Manufacturers. 
According to the booklet’s foreword: 
“They are the same, except for those 
cases in which there is direct disagree- 
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MORE HOURS OF HEAT 
ENDURANCE FROM 
VINYL-GLASS SLEEVING 


.. . retains rated dielectric and flexibility 
after 2800 continuous hours at 130 C 


Today's insistence on insulation with high heat endurance - 
higher processing temperatures, wire enamel compatibility, 
hotter operation — has emphasized the importance of BH 
Vinyl-Sil. 


Available in two types — BH Vinyl-Sil 8000 and BH Vinyl-Sil 
105 —- both with 8000 volt minimum dielectric breakdown, 
and meeting all requirements of ASTM, NEMA* and MIL-I- 
3190B* Class B-A-1 specifications. BH Vinyl-Sil 105 also 
offers no capillary attraction to water and is the first vinyl 
sleeving to be Underwriters’ Laboratories recognized for 600 


volt, continuous wet or dry operations at 105°C. 


BH Vinyl-Si! Sleevings are specially fabricated of braided glass 
fibers, then continuously coated by a patented process with a 
uniquely stabilized vinyl chloride compound. High standards 
of manufacturing developed in over seven years pioneering 
experience with vinyl-glass sleevings is your assurance of 


reliable operational performance. 


Data sheets and testing samples are yours for the asking — just 
write, giving a few facts about the insulation problems to be 
encountered we'll make recommendations and send you 


appropriate samples. 


BENTLEY, HARRIS 


SLEEVINGS 


BENTLEY, HARRIS MANUFACTURING COMPANY 
1208 Barclay Street 


* New Revised Standards Available on Request. CONSHOHOCKEN PA, ¢ TELEPHONE: TAYLOR 8-0634 
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G-E GLOW LAMPS OBEY THE IMPULSE 
---TO SERVE AS INDICATORS 














Every live circuit should have an indicator—and with radio-type 








resistors, G-E Glow Lamps become simple indicators that give long, 





uninterrupted service. Only glow lamps offer small size, low wattage, 








long life, wide voltage tolerance, and rugged construction—for as little 








false indications. All these features help make General Electric Glow 








Lamps the ideal choice for hundreds of applications as indicators in 








the electrical and electronics industries. 














If you’d like more information on the amazing G-E 














Glow Lamps, send today for your free copy of the 





folder, ““G-E Glow Lamps for Pilot and Indicator Use’’. 








| Write: General Electric Co., Miniature Lamp Dept. 
“=3=- 1 EM-87, Nela Park, Cleveland 12, Ohio. 



























A Single G-E Glow Lamp May Serve As A: 





RELAXATION OSCILLATOR e« LEAKAGE INDICATOR 





SWITCH « VOLTAGE REGULATOR ¢ VOLTAGE INDICATOR 

















Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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as 3144¢ each! They don’t fail suddenly, so there’s almost no chance of 


ment with long-established independent 
telephone practice, or where omissions 
existed. This booklet is further made 
possible by the early efforts in com- 
piling a relay terminology of the Bu- 
reau of Ships, U. S. Navy and Okla- 
homa A & M College.” Automatic 
Electric Sales Corp. 
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HIGH-TEMPERATURE INSULATION — 
Product folder on Micro-Fibers con- 
tains description of lightweight Micro- 
Quartz and glass Micro-Fibers high- 
temperature insulations. Listed in the 
4-page brochure are properties and 
data on the two products. Applications 
include use in equipment subjected 
to frequent heating cycles at high 
temperatures; also end uses requiring 
maximum thermal resistance and high 
thermal diffusivity and equipment 
where space and weight factors are 
important. L. O. F. Glass Fibers Co. 
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MINIATURIZED SELF-LOCKING NUTS 
— Major sections of a new 36-page 
illustrated brochure, Bulletin 5711 
presents manufacturer’s progress and 
status in the field of miniaturized self- 
locking nuts for electronic units and 
avionic equipment. Comparison charts 
show weight, size, temperature and 
material for nuts in a hex and clinch 
series. Standard AN parts and NAS 
miniatures are graphically compared 
in chart form. Elastic Stop Nut Corp. 
of America. 
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THYRATRON AND RECTIFIER TUBES 
— The tubes described in a 12-page 
brochure are available in a wide variety 
of general types and ratings. New 
rectifier tube developments are cov- 
ered, and rectifier basing diagrams 
presented. Additional pages present 
new thyratron developments and _ thy- 
ratron basing diagrams. Detailed tables 
of specifications for both types are 
presented. Useful circuit information 
is provided. Continental Electric Co. 
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DIRECT PRINTED CIRCUITS — Utiliz- 
ing silver and carbon components, 
direct-printed circuits produced by 
manufacturer provide conductive or 
resistive electronic circuits without lim- 
itations imposed by shape, size or base 
material. Illustrated 4-page brochure 
points out that the direct-printed cir- 
cuits are unique in that the conductive 
material forming the circuit is applied 
directly to the base material only 
where required. Topics covered include 
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NOTHING can equal Stainless Steel 


in its unique combination of properties 


No other design material can match Stainless Steel in 
its combination of desirable properties: corrosion re- 
sistance, strength, hardness, beauty, cleanability and 
easy fabrication. For a reliable source of supply, United 
States Steel offers you the widest range of types, 
finishes and sizes. 

UNITED STATES STEEL CORPORATION, PITTSBURGH * AMERICAN STEEL & WIRE DIVISION, CLEVELAND 

COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO « NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


WITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY. NEW YORK 


USS STAINLESS STEEL 


SHEETS 
PIPE - 


STRIP - 
TUBES - 


UNITED 


PLATES 
WIRE 


BARS BILLETS 
SPECIAL SECTIONS 


STATES STEEL 


FOR HIGH TEMPERATURE STRENGTH. The Ryan Firebee is a pilotless jet airplane that flys about 600 mph at altitudes up 


to 40,000 feet. All three armed services are using it for target practice—to simulate attacking aircraft. Fuselage and turbojet en- 
gines use substantial quantities of Stainless Steel—mostly because of its excellent strength/density ratio at elevated temperatures. 


FOR CORROSION RESISTANCE. 1: you're a photographer, 


you know that hypo is awfully corrosive. This print washer 
(it holds 75 8x10 prints in one loading) is made com- 
pletely from Stainless Steel by the Arkay Corporation, in 
Milwaukee. For proof that Stainless is easy to fabricate, notice 
that the drum has 1,700 perforations, and double lockseam 
soldered joints are used throughout. 

Medel 


Aah 


AVNHHR 
a | 


FOR TAKING A BEATING. These supermarket check-out 


counters are made from USS Stainless Steel. They withstand 
the pounding of heavy containers and are unaffected by corro- 
sive meat and produce juices. It only takes 20 minutes for one 
girl to clean all eleven counters shown here. The Robert Becht 
Company of Cincinnati made them. 
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for _ Performance at Low Cost— 
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the Model 68 Modestly Priced, Metal-Cased VTVM 


© 5 Peak-to-Peak Voltage Ranges: 0-8-32-160-800-3200 volts 

© 5(+-) Plus and 5(—) Minus DC Voltage Ranges: 
0-3-12-60-300-1200 volts, 131/44 Meg. input 

5 Hi-impedance RMS AC Ranges: 0-3-12-60-300-1200 volts 

5 Resistance Ranges Up to 1000 Megohms 

5 Zero-Center Reference Ranges 

Extra-Large, 5V4” Wide-Angle PACE Meter 


Model 68: biue-grey ripple-finished steel cabinet, 5%” x 734” x 31%”. 
Complete with tubes, ohmmeter battery and manual. Net Price: $54.50 


the Model 78 Battery-Operated, Metal-Cased VTVM 


A MUST Where Power Line is Unavailable 
A MUST Where Power Line Connection is Undesirable 
© 6 Zero-center DC Voltage Ranges: 
0 = 1.5, = 6, = 30, = 150, + 600, + 1500 volts; 131% Meg. input 
© 5 Ohmmeter Ranges to 1000 Megohms 
© 5 Hi-impedance RMS AC Ranges: 0-3-12-60-300-1200 volts 
©@ Extra-Large, 5%” Wide-Angle PACE Meter 


Model 78: blue-grey ripple-finished steel cabinet 5%” x 734” x 3%” 
Complete with tubes, batteries and instruction manual. Net Price: $62.50 


for Wide-Range Laboratory Quality— 


the Model 88 Compact, Lab-Type VTVM 


© More Functions—More Ranges—More Sensitivity: 
7 functions ... 40 ranges . . . 2624 megs input 
© 6 Peak-to-Peak Voltage Ranges: ‘to 3200 volts 
specially engineered for accuracy on pulsed and TV wave forms 
© 6 Zero Center DC Voltage Ranges: to 1200 volts 
also, 6 (—) minus and 6 (+-) plus DC voltage ranges 
© 5 Electronic Ohmmeter Ranges: to 1000 Megohms 


silver inks used; base materials; sol- 
derable ink; and tolerances; among 
others. The J. Frank Motson Co. 
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SERVOMOTOR-RATE GENERATOR — 
Complete specifications, characteristics, 
3-view drawing and a schematic are 
included in Data Sheet 872, providing 
details of the new model 11 MG 460/ 
460—a Size 11 115 volt, 400-cycle 
servomotor-rate generator. Weighing 
only 7.1 oz, the unit provides fast 
response, low power input, oscillation 
damping, and has a_ signal-to-noise 
ratio of 25:1 and a linear torque-speed 
curve. Helipot Corp., Div. of Beckman 
Instruments, Inc. 


Circle No. 677, Reader Inquiry Service Cards 
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ELECTRONIC INSTRUMENTS — 1957 
Catalog list a wide range of electronic 
instruments organized under some 
seven headings in the table of contents. 
Data and illustrations cover various 
models of: sweeping oscillators; fre- 
quency markers; noise generators; and 
pulse & pulsed carrier generators. Addi- 
tional equipments are also described. 
Kay Electric Co. 
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HIGH-VOLTAGE TERMINAL — Enm- 
ploying an insulating material specially 
developed for electronic applications of 
this type, the high-voltage terminals 
described in an illustrated 4-page bro- 
chure have such desirable design ad- 


© Extra-Large, 54” Wide-Angle PACE Meter 


Model 88: Molded phenolic case, 53%” x 7” x 3%”. Complete with AC line 
cord, ohmmeter battery, 3-way probe and manual. Net Price: $74.50 


vantages as high mechanical strength 
and high temperature and_ thermal 
shock resistance. Availability of a 
broad selection of standard sizes is 
stressed. Properties are listed and 
terminal stud specifications provided. 
Alite Div., S. Stoneware Co. 
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for The Ultimate in Performance and Operating Ease— 


the Model 98 Laboratory VTVM with 7” Meter 


@ PRECISION’s Finest VTVM: 
More Ranges—More Functions—High Sensitivity 
© 6 P-to-P Voltage Ranges to 3200 volts: specially engi- 
neered for maximum accuracy on pulsed wave forms 
©@ 6 True-Zero-Center DC Voltage Ranges: 
26% Megohms input to +1200 volts CORONA TYPE VOLTAGE REGULATORS 
© 6 Electronic Ohmmeter Ranges to 1000 Megohms 


© 6 Minus and 6 Plus DC Voltage Ranges: Both glass and metal types of 
to 1200 volts 13% Megs input : corona type voltage regulators are re- 
© 6 Hi-Impedance RMS AC Ranges to 1200 volts Coos ee . ii ane . 
© 8 DC Current Ranges: from Sees inissates 00 82 duns viewed in an illustrate d 4-page bulletin 
© 6 Decibel-Output-Meter Ranges: —20 to + 63 DB complete with performance curves and 
Model 98-MCP: in biue-grey, rippie-finished cabinet and two- specifications. Suggested application 
color brushed aluminum panel, 111/2” x 13” x 65”. Complete 5 ee : : 
Net Price: $119.50 data are provided; dimensions are 
See irae seg rele eee eater ee kee gaidecstan given. The Victoreen Instrument Co. 


with 3-way VTVM probe and manual. 
PRECISION vVTvm ACCESSORIES AVAILABLE 
Model RF-10A.... High-Frequency Vacuum-Tube Probe (for Models 88 and 98) 





Circle No. 680, Reader Inquiry Service Cards 
Net Price $14.40 on page 17 


Model RF-12...... High-Frequency Crystal Probe (for Models 68 and 78).... cv Met Price $10.95 
Model TV-4 Super-High-Voltage Safety Test Probe (for Models 68 and 78)........... Net Price $14.75 
Model TV-8... Super-High-Voltage Safety Test Probe (for Models 88 and 98)............Net Price $14.75 
Model LC-1 Leather Carrying Case (custom-designed for Model 88) ...Net Price $9.50 VERSATILE SILICONE-BASED GREASES 


Part No. ST-1......Retractable Snap-On-Tilt Stand for Model 88 ..Net Price $1.00 Providing lasting lubrication from 0 
to 450 F, No. 41, silicone-based grease 
was developed primarily for high-tem- 
perature, slow-speed bearings. Illus- 
trated 4-page brochure points out ap- 
plications, which range from worm and 
pinion sets to plastics extruder nozzles. 


j Illustrated case histories show actual 


PRECISION Seowutinn Company, Inc. . . 


70-31 84th Street, Glendale 27, L. I./N. Y. 


Export: 458 Broadway, New York 13, N.Y., U.S.A. @ Cables: MORHANEX 
Canada: Atlas Radio Corp. Ltd. e 50 Wingold Ave. © Toronto 10, Ont. 


Available and on display at leading electronic parts distributors. 


PRECISION 
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SPECIAL 


five equals fifty 


This DC motor is actually ten times the motor it appears to be. 
It is the size of a 5-h.p. motor, but it’s rated 50 h.p. short-duty, 
and over 20 h.p. continuous. 


In designing this particular shunt-wound motor, high power 

in a small space was the major consideration, but not the only 
one. It also had to accelerate to 6000 r.p.m. within one second 
and withstand frequent, fast reversals without excessive over- 
heating. Physically, this small-scale giant measures just 16” long 
by 914” dia., and weighs only 115 Ibs. 


Admittedly, this is a special motor. It is also typical of ESCO’s 
unusual ability to design and build all kinds of special rotary 
equipment to meet particular needs. For over forty years ESCO 
has been pleasing its customers by finding answers that exactly 
match special requirements. Perhaps our solution to your 
particular motor problem will please you, too. 


Refer to Esco Catalog in section 4a/El in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem — we'll be glad 
to show you how we would go about solving it for you. 


ELEGY Rg ¢ LTY CO. 
171 South Street, Stamford, Conn. 
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ea EXPERIENCE 


MARATHON ELECTRIC 
® 


MOTORS — GENERATORS 


PROVEN PERFORMANCE. 
There is no substitute for the reliability of prov- 
en performance . . . Top Names of the Nation's 
Industry have proven dE performance in 
PRODUCING QUALITY PRODUCTS. 


VERSATILITY . . . WIDE RANGE OF DESIGN. 
Single Phase . . . Polyphase . . . Direct Cur- 
rent NEMA Standard . or Special Design 


dE can design to meet your special specifica- 
tions. 


SERVICE THROUGHOUT the NATION. 
There is an QB District Office near you... 
Call our Sales Engineer TODAY to help solve 
your motor problem. 


CW : 
for the 
oe 
& 


Se aeting 


om 
ie 


WRITE DEPT. 21, 
WAUSAU, WIS 


SINCE 1913 


ARATHON 


5 3 AND FACTORY, WAUSAU, WIS. 


CT 
INTEGRAL HP 
MOTORS 


New NEMA Frames 182 thru 326U 
It's 
U Splash-proof 
UV Drip-proof 


“ Guarded 


Weather 
Protected 


MOTORS 
Pit ie  e 
2500 HP 


GENERATORS 
1/2 KW thru 
2000 KW 


A Complete 
Condensed 

Catalog of 

Motor Prices & 
Dimensions with 
NEMA New-Old Frome 
Cross-Reference List 


ELECTRIC 


6 FACTORIES AT ERIE, PA. AND EARLVILLE, ILL. 


SALES OFFICES IN PRINCIPAL CITIES 
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Illustrated 
applications 


case histories show actual 

and advantages derived 
from use of the grease. Dow Corning 
Corp. 
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Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering write direct to the 
manufacturers on company letterhead 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


services, 


INVESTMENT CASTING ENGINEERING 
AND DESIGN MANUAL—50-page “In- 
vestment Casting Engineering and De- 
sign Manual” has been prepared to 
point out the advantages—as well as 
the limitations—of the investment cast- 
ing process. The combination of more 
than two and one-half years of com- 
bined efforts on the part of various 
Institute committees, the manual con- 
tains a design section presenting rules 
governing dimensional _ toler- 
ances and shapes. Other subject matter 
covered in this section include surface 
finish, functional and general toler- 
ances, radii, straightness, flatness, con- 
centricity, roundness and angles. Also: 
length, parallel blind and 
through-going threads, airfoil, 
contours, among others. 

The publication details both the lost 
pattern and frozen mercury phases of 
the process. Featured are ten pages of 
case histories covering, investment cast 
parts. 

Still another section is devoted to the 
Institute’s metal specifications and test 
bar standards. 

Copies of the manual can be obtained 
at a cost of $5.00 from the Investment 
Casting Institute, 27 East Monroe St., 
Chicago 3, Ill. 


design, 


sections, 


cores, 


Postcard return cards are provided 
on the insert starting on page 17 
as a convenience to the reader in 


obtaining further information on— 


and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 


New components 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


ENGINEERING NEWS #6 


LIMIT SWITCHES 


for Heavy Current Jobs 


For heavy-duty limit or positioning 
applications, Hetherington offers a 
variety of special switches with rat- 
ings from 10 to 35 amperes. 

Pushbutton types, such as the 
slim, 9/16” diameter ““W100” Series 
or the 35-amp “D200” Series, fea- 
ture short, unusually sturdy plung- 
ers that afford positive direct opera- 
tion in minimum space. Threaded 
aluminum bushings provide easy 
mounting and positioning. 

Where switches must operate 
against sliding surfaces, the cam- 
operated ‘D7000” Series proves 
ideal for many applications. Flush 


For Lamp Circuits that 


MUST NOT FAIL 


Lamp burn-outs and circuit failures 
can present real hazards in_critical 
warning light applications. To mini- 
mize the danger, the Hetherington 
L3000 Series allows the lamp and its 
circuit to be checked at any time 
merely by pressing on the spring- 
mounted plastic lens. 

An anodized aluminum case seals 
the L3000 against dust, while a rubber 
“QO” ring and silicone boot fully mois- 


D7000 SERIES 


mounting, and only 2-27/64” long 
by 3/4” square, this small switch 
has a polished stainless steel cam 
which retracts within 1/32” of the 
switch body. Over-travel is 9/32” 
minimum. 

Like most Hetherington prod- 
ucts, Limit Switches use Hether- 
ington’s tease-proof, double-break, 
snap-action mechanism. A variety 
of single-pole contact arrangements 
are available on each type. Switch 
mechanisms are effectively sealed 
against dust and moisture by in- 
tegral anodized aluminum hous- 
ings. Cases are especially rigid 
to withstand severe service. 


tureproof the lens and_ plunger. 
Highly reliable AN3140 lamps used 
in the L3000 series add still further to 
the dependability. 

Details on the L3000 line are in 
Hetherington Bulletin L-la. Small 
quantities of Type L3000R (red lens, 
28v) are stocked by many leading 
electronic parts distributors. 


SCREWDRIVER- 
OPERATED 
ROTARY 


Simplifies Circuit Testing 


An aircraft equipment manufacturer 
needed a small, yet high current 
switch that could be concealed for 
use only during installation or routine 
maintenance testing of his equipment. 
The answer was the Hetherington 
Type R1043—a screwdriver-operated 
version of the popular R1000 Series 
Rotary Switch. 


Accessible, yet readily hidden be- 
hind the chassis, the R1043 allowed 
easy circuit transfer from “Operate” 
to “Test” with far greater reliability 
than the space-consuming, jumper- 
type test fittings previously used. 


Only %” in diameter, the R1043 
rotary switch breaks 20 amps (resis- 
tive) at 28v de. In spite of its size, 
the positive snap-action assures ade- 
quate leverage to break contact weld- 
ing from overloads. 


No bulletin is available on the 


R1043, but dimensions, ratings and 
contact data will gladly be sent. 


FAST, 
STOCK DELIVERIES 


.. from local Parts Distributors 
In many areas you can now get im- 
mediate delivery of most popular 
Hetherington products . . . and at 
factory prices for less than 50 pieces 

For the name of your nearest elec- 
tronic parts distributor and bulletins 
of the Hetherington products he car- 
ries, write directly to: Distributor’s 
Div., Hetherington Inc., 26 Ritten- 
house Place, Ardmore, Pa. 


HETHERINGTON INC. DELMARDRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 


NOW 
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IN LARGER FACILITIES TO SERVE YOU BETTER 





GUDEBROD 
LACING 

TAPES ARE 

USED IN 
COMMUNICATION, 
UTILITIES 

& MILITARY 


AS WELL AS 
RESEARCH 
PROJECTS. 
CAN WE 
HELP YOU? 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded .. . and they come 
wax-coated or wax-free . 

rubber-coated . . . or with spe- 
cial coating. Gudebrod makes 
many tapes for many pur- 
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both. 


GUDELACE + GUDE-NYLACE 
GUDELACE H + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 
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As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELecrricAL MANUFACTUR- 
iNG reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 
Inquiry Cards 
17. Readers should circle those 
numbers indicating the reprints desired. 


Service beginning on 


page 


REPRINTS NOW AVAILABLE 


Thermal and Acoustical Insulation 
Problems. August 1957, 8 pages. 
Newer types of thermal insulation 
are reviewed, particularly in rela- 
tion to current requirements in ap- 
pliance design. Applications are 
discussed in refrigerated equipment; 
ranges; water-heaters; air condi- 
tioners; and home laundry equip- 
ment. Materials discussed include: 
improved types of fibrous glass; 
gas-filled insulation; cellular or 
foam plastics; molded fibrous glass. 
Acoustical design problems are also 
analyzed and applications of fibrous 
glass described. Property charts; 
temperature analysis charts; appli- 
cations illustrations. (723) 


Minimizing Partially Developed Relay 
Tree Circuits. August 1957, 8 
pages. In a fully developed relay 
tree (all possible outputs utilized) 
the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange- 
ment. But if all outputs are not 
utilized, the transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 
contacts. (719) 


number of 


Design Procedures for Special Type 
High - Temperature Transformers, 
July and August, 1957, 
A two-part 


20 pages. 
presentation of step- 
by-step design procedures for high- 
temperature transformers of the 
following types: Transformers with 


Editorial Reprints 


If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities. 
special quotation. 


TO 


Cost of 
Single Subject Reprints 

No. of Numbers of pages 

Reprints 4-12 16-32 
1 Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 


unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal- 
anced magnetization and vibrator 

ror 
supply transformers. (735) 


High-Precision Electromechanical Lin- 
ear Measuring Systems, August 
1957, 16 pages. A critical evaluation 
of accuracy, linearity, resolution 
and sources of error in position- 
measuring transducers for closed- 
loop machine-tool controls: differen- 
tial transformers and capacitors; 
linear potentiometers; ultrasonic 
systems; lead screws and_ rack 
systems with rotary signal pickoffs; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit;” Farrand 
“Inductosyn;” Canadian Westine- 
house “Nultrax.” (725) 


Ceramic Permanent Magnets for Mo- 
tors, July 1957, 8 pages. Property 
data are given on barium ferrite 
materials both nonoriented and 
oriented, and design procedures 
presented for their use as pole ma- 
terials for permanent magnet d-c 
motors in a wide range of sizes. 


(731) 


Integration of Dielectric Materials, 
Processes, Components, July 1957, 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society. Property and ap- 
plication data on fluorinated gase- 
ous. dielectrics and _ metal-fiber 
paper. Summary of progress in 
high-temperature dielectrics for 
500-C capacitors. Problems in ther- 
mal evaluation and classification of 
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VICTOR TORCH with cutting tip of Anaconda Tellurium Copper, which has the resistance to heat 
and wear required to maintain uniform flame characteristics through a long life of service. 


Tellurium Copper makes better cutting and welding tips 


THE PROBLEM: Victor Equipment Com- 
pany of San Francisco first used regular 
leaded copper rod in making tips for its 
line of cutting and welding torches. In 
some applications, however, the leaded 
copper did not stand up under high heat 
conditions. 

THE SOLUTION: Victor tried Anaconda 
Tellurium Copper-127 Rod and found 
the answer. The Tellurium Copper had 
a much higher heat resistance. This 
meant long, trouble-free service for its 
precision-made cutting and welding 
torches in all types of applications. At 
the same time, the Tellurium Copper 
provided uniform machinability, espe- 
cially important in drilling the deep 
holes prior to completion by swaging on 
mandrels. 


ANACONDA 


FREE TECHNICAL SERVICE: No matter 
what your special problem may be, The 
American Brass Company can _ very 
likely furnish free-cutting copper and 
copper-alloy rod to meet the require- 
ments of the product or the operation. 

It is the function of the Technical De- 
partment of The American Brass Com- 
pany to assist metal users in the selec- 
tion of Anaconda Rod. This service is at 
your disposal without charge or obliga- 
tion. Comprehensive data on compo- 
sition and machinability of standard 
Anaconda Rod Alloys, together with 
specification references, weights and 
dimensions, are available in Publication 
B-3. For this booklet—or technical 
assistance — write: The-American Brass 


Company, Waterbury 20, Conn. 65 


MADE BY THE AMERICAN BRASS COMPANY 


Circle 287 on page 17 











Now 


COPPER CLAD TEFLON 


*du Pont Trademark 





Chemelec Copper Clad TEFLON* inherits all of the fine 
qualities and characteristics of TEFLON among which 
are a low Dielectric Constant (2.05), Dissipation 
Factor (.002 max. at 1 Me under condition D/48/50), 
and Water Absorption (.02% per MIL-E-5272-A). 
Under duress, a uniform dielectric constant over a 
given area is assured and no delamination of insulating 
material is possible. In addition, this material has a 
bond strength of greater than 7 lbs./in. peel back and 
is unaffected by 500°F. solder. 


SIZES AVAILABLE: Copper Clad Sheet is available 18” 
wide by 36” long, in TEFLON thicknesses of 1%’, 1X’’ 


and *%’’, with 1 or 2 oz. copper on both sides. 


Copper Clad Tape 12” wide by 36” long, is available 
in thicknesses of .005’’, .010’, .015’’, .020’, .030”, 
045”, and .060”, with 1, 2, or 3 oz. copper on 1 or 2 
sides (or with copper on one side and cementable 
surface on reverse side, upon request). The above 
Copper Clad Tapes are also offered 12” wide by 150” 
long. Heavier copper available upon request. 


Write for Catalog EC-757 which describes this and 
other new Chemelec developments. FLUOROCARBON 
Propucts, INc., Division of United States Gasket 
Company, Camden 1, N. J. 


Sold through leading electronic parts distributors by Erie Resistor Corp. 


SOME. Sn. 
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| Capsule Calculus, May 
| 


| 


insulation. Statistical studies in in- 
sulation life. Tables and graphs are 


included. (721) 


Using Boolean Algebra to Design 


Static Control Circuits, July 1957, 
12 pages. Staff report of Boolean 
algebra design techniques employ- 
ed by an original equipment man- 
ufacturer to translate mechanical 
sequence descriptions into machine 
control circuits of commercially 
available static logic elements. II- 
lustrated step-by-step with actual 
design work sheets detailing the 
evolution of a typical machinery 
drive control. (720) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
machine tools, furnaces, presses, 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit 
March 1957. Single reprints, no 
charge. Multiple quantities obtain- 
able at the following prices: 5— 
$3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York. 
(724) 


Relay Design Targets, June 1957, 12 


pages. Report of the 5th Electro- 
Magnetic Relay Conference held at 
Oklahoma A & M College in April 
deals with relay design, application 
and testing. Much of the latter has 
to do with selection of relays for 
reliable operation under extreme 
conditions of shock and vibration 
such as encountered in missile cir- 
cuits. (717) 


Applications for Glass Materials and 


Components, June 1957, 8 pages. 
Glass as an engineering material is 
discussed in three broad classifica- 
tions: (1) Structural applications; 
(2) components; and (8) special 
purpose materials. Properties are 
summarized, applications analyzed, 
illustrations and property data 
provided. (716) 


Review of Environmental Test Equip- 


ment, May 1957, 8 pages. Points to 
consider in selecting environmental 
test equipment. Manufacturers of 
environmental test equipment and 
their products are listed for ready 
reference. (718) 


1957, 20 
pages. A refresher course for the 
older engineer, taught from a sim- 
ple logical standpoint. Detailed 


ELECTRICAL MANUFACTURING 


@ Up to 30 pounds forces) : ' hor p 
@ Decco shock-mounted for long life. 
— @ High efficiency — silicon steel 
laminations. 


@ High moisture resistance. 
~ @ Shock absorbing bumpers cushion 


Your 
choice 
of 
mounts 


INDUSTRIAL SOLENOIDS 


Decco’s Series 50 offers more power—longer stroke with the same 


AUGUST 1957 


dependable quality and performance that has made Decco the top 


name in industrial solenoids. 


There is a Decco solenoid for every requirement. Built to give 


better service for a longer time. Solenoids engineered and modified Direct 


i i current 
to your requirements. Let us discuss your problems. cad 


For complete information write— 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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ENCAPSULATION 
and EMBEDMENT 


SP « 


Complete production facilities for encapsula- 
tion and embedment utilizing “Luxolene” epoxy 


resins. 


ELECTRONIC ASSEMBLIES 
ELECTRICAL INSULATORS 
SPECIAL SHAPES AND DESIGNS 
THIN WALL EPOXY TUBING 


ELECTRIC COIL WINDING 


EPOXY RODS 


e COLORS 


COMPOUNDING FACILITIES 


"*SPECIALISTS 


in sf0xz 7°" 


Write Dept. E For Complete Details 


DELUXE COILS, INC. 


Post Office Box 364 


a Wabash, Indiana 
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TWO NEW poTeatee COMPONENTS 


SHIELDED JACKS 


of high impedence circuits. Shield and 


for effective shielding 


cover cadmium plated steel. Made in open 
and closed circuits . miniatures in 2 
conductor . . . standards in all circuits, 


2 & 3 conductor. 


PUSH BUTTON SWITCHES 
contacts 


. . for momentary 
Miniature for low level circuits 
only. Standard sizes in 2 ratings—integral 
contacts for low level circuits . . . fine sil- 


ver for 3 amp 115v. Write for Catalog. 


» Richards Electrocraft, Inc. 


. 4 
3747 N. KEDZIE AVENUE, CHICAGO 18, ILLINOIS ~\" 7~ 


) 
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proofs and elaborate examples are 
omitted in favor of easily followed 
discussions. Part I discusses basic 
principles of differentiation; Part II, 
integration, and Part III interpreta- 
tion of equations involving time 
and motion concepts. (727) 
Considerations in Testing Thermistors, 
May 1957, 8 pages. Proper meas- 
urement techniques for design and 
acceptance testing of thermistors. 
Methods are described for deter- 
mining resistance, voltage, time 
delay, and temperature-resistance 
slope. (715) 
Temperature Rise in Servo Motors, 
April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise specifications, and a discussion 
of basic heat transfer laws. Ex- 
amples worked out. Tables of 
thermal conductivity and heat trans- 
mission included. (734) 


Characteristics of Metal-Clad Lami- 
nates, April 1957, 8 pages. Results 
of a Navy-sponsored National Bu- 
reau of Standards investigation 
dealing with the following majo: 
characteristics of metal-clad lami- 
nates used in printed-circuit design: 
Current-carrying capacity; surface 
and volume resistivities of coated 
units; dielectric constant and dis- 
sipation factor under various tem- 
peratures and frequencies. Typical 
test data are charted including a 
special design guide showing basic 
relationship of current to temper- 
ature rise for various cross-sectional 
areas of copper. Metal-clad lami- 
nates investigated include  glass- 
mat-epoxy; paper-base phenolics; 
glass-mat Teflon; _ silicone-glass; 
melamine-glass; and  nylon-base 
phenolic. (726) 


Effect of Radiation on Semiconductors, 
April 1957, 12 pages. Graphical 
presentation of performance deg- 
radation of typical semiconductors 
as a result of exposure to various 
levels of particle bombardment. 
Data is presented which aids in 
predicting interim behavior as ir- 
radiation progresses so that proper 
application and circuit design can 
be made to obtain acceptable oper- 
ation within desired limits. (704) 


Developments in Polyethylene Insula- 
tion, March 1957, 12 pages. Sum- 
mary review of new developments 
and trends in polyethylene insula- 
tion, particularly for wire and cable. 
The effect of current research in 
catalyst and radiation chemistry on 
development of new types of linear 
and modified nonlinear resins, as 
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From the tick of a Wristwatch 


to the roar of a Guided Missile 


ee ee 


precision operation depends upon 


Hunter Douglas Aluminum Cold Forgings! 


A question frequently asked by designers is ...“How small 
or how large a part can you economically cold forge?” 


Out of thousands of Hunter Douglas production items, at 
one end of the scale is the tiny wristwatch bezel ease. 
Weighing only a hundredth part of a pound, it is cold 

forged from high purity aluminum, complete with band 
attachment lugs. Wear properties are superior to gold 

and gold anodizing imparts a beautiful and lasting finish. 


Typical of the largest pieces cold forged to date are 
aluminum alloy motor tubes. Hunter Douglas supplies these 
as prime contractors to the U.S. Navy for use in the 
SIDEWINDER missiles, as well as for the new “ZUNI” 
rocket. Some rocket tubes measure over 6 feet in length. 


SO MUCH FOR SIZE, BUT HOW ABOUT ACCURACY? The watch 
case speaks for itself, but tolerances of the rocket motor 
tubes are even more exceptional for their size...straightness 
to .020” TIR, I.D’s to =.006” and uniformity of wall 
thickness to + .0015”. Other tubes are produced with walls 
as thin as .015”, some as thick ag .250” or more. Typi 
concentricity of these is within .001” with wall tolerances of 
002” and straightness in the range of 005” /ft.—in any alloy! 


Between these size extremes lies a vast number of hollow 
components which can be economically cold forged—with 
almost complete elimination of, or greatly reduced, 
machining costs. If you require parts having superior 
strength, zero draft, smooth finishes and mechanical 
properties comparable to hot forgings you'll find an answer 
in Hunter Douglas Cold Forgings... now available in high 
strength aluminum alloys, and experimentally in oxygen-free 
copper, ziréonium, magnesium and many steels! 

Ask us for recommendations. 


Hunter Douglas Aluminum 


Division of 
BRIDGEPORT BRASS COMPANY 
Dept. | M-8, Riverside, California, Telephone OVerland 3. 
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Which Spring Costs 











More ...and Why? 














W These springs look identical—and one will work 
as well as the other, yet one costs more. The higher cost 
spring was the product of time consuming engineering 
effort, plus a demand for unnecessary close tolerances 
and secondary production operations. The other was 
the simpler, low cost result of Lewis engineering expe- 
rience and production know-how. 












































Lewis engineering experience is one of many “extras” 
you get when you make Lewis your source for springs. 
Whether it’s help in spring design, packaging springs for 
efficient assembly line handling, or simply a case of get- 
ting top quality springs at competitive prices—call on 
Lewis . 















































LEWIS SPRING & MANUFACTURING COMPANY 
2646 W. North Avenue, Chicago 47, Illinois 
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The finest light springs and wiretorms of every type and material 
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a complement to existing nonlinear 
materials, is traced. Expanded areas 
of applications are explored. Design 
problems are analyzed in terms of 
property characteristics of both the 
standard and the new materials. 
Typical property data and applica- 
tions reports are included. (733) 


Preferred Circuits, March 1957, 20 
pages. A two-part staff report on 
the program sponsored by Navy 
BuAer and undertaken by the 
National Bureau of Standards tc 
evolve reliable circuits for common 
functions in Navy aeronautical 
equipment. These preferred circuits 
are designed to replace the many 
existing configurations to effect sav- 
ings in design time, maintenance, 
training, and stocking. Circuits de- 
scribed include regulated power 
supplies, a blocking oscillator, a 
pulse cathode follower, and phan- 
tastron delays. (730) 


Signal Pickoffs for Control Systems, 
March 1957, 16 pages. Two-part 
article dealing with basic theory of 
operation of six major types suitable 
for furnishing input and feedback 
signals for controls operations, in- 
cluding resistance, electrolytic, ca- 
pacitive, piezoelectric inductive and 
photoelectric types. (714) 


Timed Acceleration of D-C Motors, 
March 1957, 12 pages. Three elec- 
tronic control circuits for program- 
ming linear acceleration and decele- 
ration of integral-hp d-c motors in 
closed-loop drive systems: (1) For 
linear acceleration during startup 
only; (2) for linear acceleration and 
deceleration at same rate during 
starting, stopping and speed chang- 
ing; and (3) for linear acceleration 
and deceleration at independent 
rates during starting, stopping and 
speed changing. (713) 


Magnet Design: Two Practical Ap- 
proaches, February 1957, 8 pages. 
(1) Estimating leakage factors for 
permanent magnets, and unsatu- 
rated electromagnets, from geome- 
try of magnetic circuits; (2 Figur- 
ing air gaps for maximum pull of 
opposing (push-pull) electromag- 
nets. (712) 

A Reliability Approach to Thermal 
Design and Evaluation, February 
1957, 8 pages. Techniques for 
determining equipment cooling re- 
quirements in terms of reliability 
goals for electronic components. 
The techniques permit an efficient 
thermal design for a predetermined 
mean life. Methods are presented 
for evaluating developmental and 
final models in terms of the effect 
of the thermal design on relia- 
bility. (711) 

(Continued on Page 286) 
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Design “Low Cost” 
Into YOUR Equipment 


ITS 


World's Largest 


eS. ™ ~~ pomnone manne 


CLIPS FOR ATTACHING 
TUBING * £ 
When ordering, 
specify 4", %.” 
or %” tubes. 


Style TF. 


Single Clips 


Double Clips 


= 
3-Tube Clips 


CITIOIRNS 


_ 4-Tube Clips 
‘Double Clips — Wing Type 


SIGHT 
GRAVITY 
FEED 
MULTIPLE 


This one unit replaces 3 to 8 
individual oilers. Maximum 
practicality in a small central 
lubrication system. Positive cut- 
off during idle periods. Individ- 
ual vibration-proof needle valve 
adjustments. With solenoid con- 
trol (Illustrated): Style MDS— 
No. 4685-A. Without solenoid: 


GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 
through sight 
glass in stem. 


ait 


~ LUBRIKIT... An assort- 
ment of 95 oil cups of 29 
different types. Gits sales 
records show these oilers 
are most used for replace- 
ment and maintenance. 
Contents of each separate 
bin are clearly described 
on Inside Cover. 
Special Introductory Price 


just $1495 F.0.B. Factory 
Satisfaction or your money back 


CASE 
GAUGES 


This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 


Shut-off knob does not affect 
needle valve adjustment. Visi- 
ble oil:supply. Non-breakable. 
Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 


insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


SIGHT GAUGES 


For use where rate of 
oil flow must be reg- 
ulated to suit changing 


operating conditions. 


Needle 
mvatlive 
sj permits 

/ extremely 
accurate 
adjustment 
of oil feed. 

Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 
at a moderate price. 
Style PF—No. 4290. 


Don’t price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


GITs BROS. MFsc. Co. 
The Standard For Industry For Almost Half A Century 


1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference”, 
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unlimited 
scope in 
commutator 
design 


when you rely on 


toledo 


U. S. Air Force-approved quality control 
features and unlimited scope of design 
are yours in Toledo commutators. Made 
from only the finest silver-bearing cop- 
per, high grade steels and mica, Toledo 
commutators und collector rings are 
uniformly perfect, no matter how many 
you order. 


MANY SIZES of commutators and 
collector rings are available for 
immediate shipment from stocks 

on hand, and complete tool- 

ing facilities make possible 

quick production of other 

special sizes, or 

samples. 

Toledo's special- 


ization in this field & 
means savings for 

the manufacturer 

who makes his 


own - - by reducing his inventory costs, 
ond by savings in both scrap and rejects. 


PRECISION AND ACCURACY of 
manufacture are important reasons for 
using Toledo commutators. Repeatedly, 
Toledo has shown that 

it can produce better 

commutators at 

less cost than the 

manufacturer 

who attempts to 

build his own. 


PROMPT DELIVERY to meet any 
manufacturer's schedule requirements is 
always possible because Toledo 
Commutator Co. has its 

engineering and production 

facilities geared to produc- 

ing these products only. 

Write today for 

catclog #60. 


toledo 


commutator co. 


Owosso 6, Michigan 
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Static D-C Keterences for Closed 


Loop Controls, January 1957, 12 
pages. Describes in fundamental 
terms the operation of voltage- 
regulator circuits using magnetic 
amplifiers, silicone diodes and tran- 
sistors. Simple equations are de- 
rived for use in actual design of 
reference-voltage sources and in 
examining the performance of the 
completed circuit. (708) 


Resistor Evaluation for Critical Ap- 


plications, January 1957, 8 pages. 
Techniques for determining toler- 
ance stability, and stamina require- 
ments, and for derating available 
resistors of various types for specific 
applications. Examples are based 
on resistors manufactured to speci- 
fication MIL-R-10509A. (707) 


Magnetic Materials Push Back Design 


“Stops,” January 1957, 20 pages. A 
five-part staff report on the com- 
mercial significance of new or im- 
proved Permanent Magnets, Soft 
Magnetic Materials, Ferrites and 
Thin Films; Test Methods and 
Apparatus and Devices and Com- 
ponents disclosed at the second 
national AIEE Conference on 
Magnetism and Magnetic Mate- 
rials. (706) 


Encyclopedia of Insulating Materials, 


December 1956, 12 pages. The 
organization and basis of a compre- 
hensive manual on electrical insu- 
lating materials being developed 
under sponsorship of the Inter- 
national Electrotechnical Commis- 
sion. The manual (called officially, 
“encyclopedia”) is geared to current 
broad developments and aimed to 
facilitate the practical engineering 
specification of such materials for 
optimum design use. Examples ot 
detailed group charts of compara- 
tive properties from the proposed 
encyclopedia are reproduced. (702) 


Amplifier-Less Synchro System, De- 


cember 1956, 8 pages. An exposi- 
tion of the general approach being 
chosen by servo designers in an 
attempt to lower the cost of servo 
systems. Described in detail is a 
relay technique eliminating the 
need for servo amplifier, damping 
network and servo motor. (705) 


Digital Codes for Numerical Control, 


December 1956, 12 pages. Coding 
techniques for numerically pro- 
grammed machine tools, computers, 
supervisory control and automatic 
data-logging; Baudot printing tele- 
graph code; punched-card system; 
self-checking codes; Gray code; and 
others — plus _ decimal-binary-Gray 
code conversion. (701) 


(Continued on Page 288) 


RCA REPORTS 
“SUBSTANTIAL SAVINGS 
on Threaded Stampings 

from Mohawk” 


By taking advantage of 

Mohawk's unique method 
of blanking, forming and threading 
in one completely automatic opera- 
tion, RCA is now able to purchase 
this special %4”"-20 nut at substantial 
savings over former methods of 
production. 


The threaded hole is held to any 
class fit required, so that ease of 
assembly is assured. Every part is 
usable — there are no rejects. 


Whether you now make them in 
your own plant or purchase them, you 
can make substantial savings on large 
quantities of small threaded parts, 
and at the same time get guaranteed 
uniform quality by sending prints and 
specifications or writing to: 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 
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57-S4 RELAYS 

Mut MU COUeOelh mat A 
PTC CMU TEL ee SR BT 
diversified line of special purpose om 
listed as standard catalog items. 


Additional technical literature... 
Also available is the ASCO engineering study, 
“Factors to Consider in the Selection of Auto- 
matic Transfer Switches.” 

Catalog 201 on ASCO Solenoid Valves covers 
more than 1300 types—2-, 3-, and 4-way 
with standard, explosion-proof or watertight 
enclosures—in a wide range of body materials. 





BY SRDS Lt) ]hy 


SLUM m Cm mane 
re is tune 


ASU literature 


simplifies choice of 
electromagnetic control 


New catalogs offer design engineers important reference tools 


MASTER CATALOG 57-S 

More than a catalog, this complete volume supplies comprehensive 
design engineering data on automatic transfer switches, remote control 
switches, contactors, relays, solenoids, and electric plant control. 

For the engineering specialist who is concerned with components 

of the ASCO electromagnetic control line, individual catalogs 

are available covering: 


57-S2 REMOTE CONTROL SWITCHES 

ae ee mete | yes 
ae 
PM CMe CMe ae mee aod 
of load, mechanically held. 





a 


ne multi-pole, spec 
arrangements and materials, and other 

CRU MR CT CC tM 2 ae ea tse 
eM mum Ml mest e 
magnetically held. 





Se esate ey 


- Complete systems and components, par- 


Va Ue Caro ls, 
PO aera) Type pace 
adapter units 


Any oi these important reference tools may be had simply by writing 
Automatic Switch Company — on company letterhead only, please. 


SEE US AT THE ISA SHOW 
SEPT. 9-13 BOOTH +931 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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Research Progress in Dielectrics — 
1956, November 1956, 12 pages. 


On the spot interpretation and re- 
view of the round table discussions 
and formal papers presented at the 
NEW D ESIGN miniature RELAY 1956 Conference on Electrical In- 


sulation. Subjects covered include 


dielectric properties of solid and 
gaseous materials; reports on studies 
in electrical breakdown; d-c meas- 


urements; new developments in sili- 
R Ee 8y j STS 15 G Vi fs RAT i oO Be cone and glass materials; trends in 
very high temperature and radia- 
tion-resistant materials; thermal 
degradation of materials. Graphs 
and tables included. (710) 


. H R oO U G te 5 oo CcCYyc Bi E S Magnetic Amplifiers in Power Servos, 


November 1956, 8 pages. Study of 
prototype servo system using mag- 
netic amplifiers for field control of 
two back-to-back 3%-hp servo mo- 
tors for military positioning appli- 
cation (antenna arrav) indicates 
potential application to machinery 
control. (709) 


Series 5400 
Multiple Reprints 


The new Sesies $400 Masky Sfinie- € J pe Multiple Reprints (reprints or com- 


ture Relay is designed for continuous 
duty, general purpose DC use... to 
give superior performance in aircraft, 
missiles, communications and other 
circuit control applications. 
Vibration Resistance: withstands 5 
to 70 cps at 0.060” double excursion 
and 15 G from 70 to 500 eps without 
chatter or transfer. 

Contacts: available in arrangements 
up to 6 Form A or 4 Form C [total of 
12 springs]. Standard contact mate- 
rial is palladium, rated at 3 amperes 
26.5 VDC or 115 VAC resistive. Can 
be supplied in ratings up to 10 
amperes per contact. 

Available in any standard voltage 
up to 115 VDC. Normally supplied 
with coil resistance of 280 ohms + 
10% for operation on 26.5 VDC. 
Weight 1.7 oz. 

Available hermetically sealed also. 
Write for Bulletin No. 6. 


VAT Ts Mei 
WESTCON SHOW Booth 3310 


Frederick, Maryland 
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Sin Oethic 
hi 


GR tO 824 F108 


pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 


special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
contro] systems, data processing 
systems, special-purpose instrumen- 
tations, and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do's and 
don’ts” and other practical design 
aids are provided. Several articles 
give detailed bibliographies. 
$2.50 


Electrical Insulation and Dielectrics— 


1955. Problems-Materials-Applica- 
tions.)—136 pages. A compilation of 
the most important articles selected 


ELECTRICAL MANUFACTURING 
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How to make \, \ 


\ 


a Magnetic Core \ 


\ 


\ 


that’s really 


SMALL? 


use AL 
PERMENDUR 


Write for 
your copy 
"MAGNETIC MATERIALS” 


This 32-page book contains valu- 
able data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Ilus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT. ey.o> 


AUGUST 1957 


When the conditions of service 
make it imperative for you to hold 
the size and weight of magnetic 
cores at an absolute minimum, that’s 
the place to use Permendur. With 
it you can push the flux density up 
to 20 kilogausses, and practically 
eliminate weight as a consideration. 

Along with its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this 


alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities. 

In addition to Permendur, we 
offer a range of high-permeability 
alloys, oriented silicon steels and 
other electrical alloys that is un- 
matched in its completeness. Our 
services also include the most 
modern facilities for lamination 
fabrication and heat treatment. 

Let us supply your requirements. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


® 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 
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PRECISION POTENTIOMETER 


HEADQUARTERS 


For over three and a half decades, CLAROSTAT has done just 

one job but that job thoroughly — turning out controls and resistors 
for electronic and electrical requirements. Millions upon millions 
of such CLAROSTAT components in daily use attest to the 
engineering and production skills of CLAROSTAT. 


And now, with ever-growing and ever-more-critical demands for 
precision potentiometers, CLAROSTAT again is the specialist. A 
separate, super-specialized production entity — the Precision Control 
Division — now operates in the Dover plant. CLAROSTAT remains 

the world’s leading winder of fine wire, with an output greater than 
all other winders combined. The resulting precision potentiometers 
are worthy products of “The House of Resistors.””* 


Therefore, specify CLAROSTAT. It always pays to deal 
with the specialist. 


Consult HEADQUARTERS... 


Whatever your precision potentiometer requirements — standard or special, 

simple or intricate, single- or multi-section units, potted or encapsulated, ; 

large or small quantities — come to CLAROSTAT. Literature on request. ae. K. 
potentiometer for 


*Reg. U.S. Pat. Off. precise trimming 
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from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 
and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 
Title 5 25 
Electrical Insulation and 
Dielectrics—1955 
Servo Series 
Thyratrons 
Human Engineering 
Prices given above include shipping 
charges. Make checks payable to The 


Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 
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“CHANGE IN PRODUCT”...“\CHANGE IN MATERIAL”....\CHANGE IN PRO 


TOOLING”. --"“CHANGE IN SPEED”...““CHANGE Ib 


IN reece! 


| “CHAN 


»DUCT”. 


| SPEED” 


_ MPERAT 


| 


| TIME”. . 


N SEQU 


| COANE 


"IN TEMPERATURE”. . “CHANGE IN TOOLING”... 


“CH; IN SPEED”.. 


CHANGE IN TIME”...“*CHANGE IN VISCOSITY”. ..““\CHA*™S_IN HUMIDITY!’ 


Can your machinery meet 
the challenge 
of change ? 


STERLING SPEED-TROL 


Sterling Speed-Trol Variable Speed Motors 
VARIABLE SPEED MOTORS 


provide you with one of industry’s greatest 
production advantages—versatility of machi- 
nery and equipment. Only by adapting speed 
of machinery to changes in product, material, 
volume or to any other factor influencing 
productivity and product quality can you 
have this important competitive advantage — 
operating machinery at optimum efficiency 
under changing production conditions. Inves- 
tigate the benefits Speed-Trol Variable Speed 
Motors can bring to your plant. They have 
your production future built into them. 


& 


STERLING SLO-SPEED 
GEAR MOTORS 


WRITE TODAY FOR STERLING SPEED-TROL 
VARIABLE SPEED MOTOR BULLETIN NO. 188 


STERLING CONSTANT 
NORMAL SPEED MOTORS 


Breeums sre te 
‘$e 
g 
eaat 
rey) 


Sterling offers you a wide range of 
Electric Power Drives of advanced 
design—variable speed or constant 
speed—with manual or automatic 


controls. 
STERLING MULTI-MOUNT 


SPEED REDUCERS 


TERLING 


ELECTRIC MOTORS 


Los Angeles 22 - Chicago 35 - Cincinnati 37 - New York $1 
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Include KaJ 
in your 


BRAINSTORMING 


\ 
4) 


Every molding job at K & J goes 
through engineering — whether we 


start from scratch or follow customers’ 
blueprints and specifications. Often 
we are able to suggest a change 
which means better performance, 
lower cost or other advantages. Make 
use of K & J's engineering facilities 
for your next job that calls for com- 
pression molding. 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N.J. 
Represented by 
$. C. Uliman 


$3 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A. Cholverus 
Cerson Road, Princeton, N. / 
Phone 1-3170-32 


Wm. T. Wyler 
Box 126, Stratford, Conn 
Phone Bridgeport 7-4293 
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| cerned with the 


National Symposium on Reliability 
Set For January 


The 4th National Symposium on Re- 
liability and Quality Control will be 
held January 6. 7. and 8, 1958, Hotel 
Statler, Washington, D.C. Topics to be 
reviewed include: Reliability Organ- 
ization and Management; Theory and 
Mathematical Techniques; Application 
of these Techniques; Design Informa- 
tion; Education and Training for Re- 
liability. Papers are requested on these 
topics. A detailed program may be 
obtained from Richard M. Jacobs. 
RCA, Bldg. 108-2, Moorestown, N.J. 


30,000 Engineers and Scientists 
Expected for Upcoming Instrument- 
Automation Conference 

Some 100 
presented 


technical papers will be 
with informal discussions 
to follow—at the 12th annual Instru- 
ment-Automation Conference to be held 
Sept. 9-13 at the Cleveland Auditorium. 
Cleveland, Ohio. 

Its sponsor is the Instrument Society 


| of America. 


As final plans are being made for 
the Conference, a registration of ap- 
proximately 30.000 engineers and _ sci- 
entists is anticipated, with many com- 
ing from overseas. In addition to the 
extensive educational program planned, 
some 500 individual exhibits will be 
on display to depict the latest develop- 
ments in the field. 

Further information may be obtained 
from Herbert S. Kindler, Director of 
Technical Programs. Instrument Soci- 
ety of America. 313 Sixth 
Pittsburgh. Pa. 


Avenue. 


West Coast Machine Tool Automation 
Symposium Scheduled by RETMA 


RETMA is sponsoring a national tech- 


| nical meeting on machine tool automa- 
| tion, Sept. 


17-18 at the 
Hotel, Los Angeles, Calif. 


The two-day 


Ambassador 


session will be 
manufacture of air- 
craft parts of the future by tape-con- 
trolled machine tools. 

The meeting and program are timed 
to coincide with the arrival late this 
summer of the first deliveries of tape- 


con- 


| controlled machine tools to West Coast 


aircraft plants under a multimillion 
dollar government procurement pro- 
gram. Field trips to see the machines 
in operation will be made part of the 
program. 


Association Activity 


October Date Set for Annual Conference 
on Electrical Insulation 


The annual meeting of the Conference 
on Electrical Insulation for 1957 will 
be held again at Pocono Manor Inn, 
Pocono Manor, Penn., Oct 21, 22 and 
23. 

This conference is being sponsored 
by the National Academy of Sciences- 
National Research Council. Chairman 
of the Program Committee for this 
vear’s meeting is E. R. Thomas, Con- 
solidated Edison Co., 4 Irving Place. 
New York, N. Y. 

Technical papers are solicited. The 
title of the paper and a short 100-word 
abstract of the paper should be submit- 
ted to Mr. Thomas by Aug. 1 to be 
placed on the program. The 100-word 
abstracts will be printed and mailed 
out with the final program in Sept. 

A longer 2-to-4-page summary of the 
paper (including figures, if desired) is 
required to be submitted at the time 
of the meeting. These summaries will 
be printed in the Annual Report of the 
Conference, published each year by the 
Conference. Any figures for these sum- 
maries should be india ink originals 
with adequately large legible printing 
or glossy prints. 

Round table discussions are being 
planned on subjects of greatest current 
interest. Suggestions for topics or other 
items should be sent to Mr. Thomas. 

Members of the Conference receive 
the Annual Report of the Conference 
and the Annual Digest of the Literature 
on Dielectrics for the combined regis- 
tration and membership fee of $7.00. 
Non members attending the meeting 
may register for a $5.00 fee and do not 
receive the publications. No registra- 
tion fee will be required of a bona fide 
student attending the meeting. but not 
wishing to receive the publications. 


ISA Announces Second 
Instrumentation Idea Contest 
The second “New Ideas in Instrumen- 
tation Contest” searching for outstand- 
ing technological advances in the broad 
field of automation will be conducted 
by the Instrument Society of America 
as a part of the 12th Instrument- 
Automation Conference and _ Exhibit 
to be held in Cleveland, Sept. 9-13, 
1957. 
New automation will be 
judged fields of instrumen- 
tation. prizes will be awarded 
to winners but more important to con- 


ideas in 
from all 
Cash 
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international Rectifiers 


For all DC needs from microwatts to megawatts! 


SELENIUM 


SUB-MINIATURE SELENIUM DIODES 


Developed for use in limited space at ambi- 
ent temperatures ranging from —50°C to 
+100°C. Encapsulated to resist adverse 
environmental conditions. Output voltages 
from 20 to 160 volts; output currents of 100 
microamperes to 11 MA. Bulletin $D-18 


HIGH VOLTAGE CARTRIDGE RECTIFIERS 


Designed for hong life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 
available. Operating temperature range: 
~—65°C to +100°C. Specify Bulletin H-2 


TV AND RADIO RECTIFIERS 


The widest range in the industry! Designed 
for Radio, Television, TV booster, UHF con- 
verter and experimental applications. Input 
ratings from 25 to 156 volts AC and up. DC 
output current 50 to 1,200 MA. Write for 
application information. Bulletin ER-178-A 


INDUSTRIAL POWER RECTIFIERS 


For all DC power needs from microwatts 
to kilowatts. Features: long life; compact, 
light weight and low initial cost. Ratings: 
to 250 KW, 50 ma to 2,300 amperes and 
up. 6 volts to 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


Fo 
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GERMANIUM 


GERMANIUM DIODES 


This series of general purpose, high quality 
point contact diodes provide excellent 
rectification efficiency for very high fre- 
quency applications. Special “RED DOT” 
series available for ambient temperatures 


from —55° C to +100° C. Bulletin $R-140. 


GERMANIUM RECTIFIER STACKS 


5 
ae 
% 


Extremely low reverse leakage values make 
this series ideal for magnetic amplifier 
applications. These units utilize 10 amp 
junctions—26 to 66 AC input volts rms— 
are available in a wide range of circuit types 
and DC current ratings. Bulletin $R-148. 


AIR-COOLED GERMANIUM JUNCTIONS 


Engineered for heavy power applications, 
these highly efficient forced air cooled units 
feature moisture and corrosion resistant 
housings. A complete series in each of 3 
current ratings: 150, 330 and 500 Amperes 
@ 26 to 66 volts rms. Request Bulletin GPR-2. 


LIQUID COOLED GERMANIUM JUNCTIONS 


* +. i 
i 


Liquid cooled for maximum power in mini- 
mum space. Junction rating: 670 amps at 
26 to 66 volts rms. Housed in high-conduc- 
tivity copper cast around special steel coils. 
Water, oil or other accepted coolants may 
be used. For complete data. Bulletin GPR-2. 


SILICON 


CON POWER DIODES 


Hundreds of types in three basic styles, for 
operating temperatures from —55°C to 
+150°C. Up to 800ma DC output current 
per junction over a voltage range of 50 to 
1,000 PIV. Hermetically sealed. For com- 
plete information on all types. Bulletin SR-A. 


SILICON CARTRI E RECTIFIERS 


The answer to tough miniaturization 
problems! Ratings for high temperature 
applications: from 1000 volts PIV at 100ma 
half-wave DC output to 16,000 volts PIV 
at 45ma. Hermetically sealed, metallized 
ceramic housing. Request Bulletin SR-1398 


SILICON MEDIUM POWER RECTIFIERS 


Specifically engineered for industrial appli- 
cations—the most conservatively rated sili- 
con rectifiers in the industry! Rugged all- 
welded construction and hermetic sealing 
mean greater reliability—longer life. Types 
available in 3 series. Request Bulletin $R-1438. 


SILICON RECTIFIER STACKS 


\ 


These units consist of hermetically sealed 
junction diodes mounted on copper cooling 
fins, stacked to include the interconnections 
required for specific circuits. Junction 
ratings: 1.25 amps. DC output; 70 to 350 
AC input volts rms. Request Bulletin $R-137A. 


* International Rectifier 


oo — ~ es OU A CUFT 


EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA « PHONE OREGON 8-628! 

Ue ot” NEW YORK: 132 E. 70TH ST., TRAFALGAR 9-3330 » CHICAGO: 205 W. WACKER OR., FRANKLIN 2-3888 
4 R 

CAMBRIOGE, MASS., 17 DUNSTER ST. UNIVERSITY 4-6520 « IN CANADA: ATLAS RADIO CORP., LTD., 50 WINGOLD AVE. W., TORONTO, ONTARIO, RU 1-6174 


THE WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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available 
to industry 


Ready for quick shipment to 
you... Kellogg’s top-quality 
Cam Keys. The T frame con- 
struction allows any number 
of spring combinations of 
either locking, restoring, or 
both locking and restoring 
type. These Cam Keys are 
rugged and withstand the 
most severe breakdown test 
of any key on the market. 
Kellogg supplies industry 
with a top-quality line of keys, 
relays, jacks, plugs, and other 
components. Inquiries on 
quantity lots invited. 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
A Division of International Tele- 
phone and Telegraph Corporation. 

Sales Offices: Dept. 70-H, 

6650 S. Cicero Ave., Chicago 38, III. 


KELLOGG SWITCHBOARD AND SUPPLY CO. 
A Division of 
International Telephone and Telegraph Corp. 
QUALITY COMPONENTS FOR INDUSTRIAL CONTROL 


QUALITY COMMUNICATIONS SYSTEMS 
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Calendar of Meetings 


Aug. 20-23—-WESCON (Western 
Electronic Show and Convention) ; 
Sponsored by the San Francisco and 
Los Angeles Institute of Radio En- 
gineers and West Coast Electronic 
Manufacturers Association, Cow 
Palace, San Francisco. 


Sept. 4-6—AIEE-IRE Magnetic 
Amplifier Conference, Penn-Sheraton 
Hotel, Pittsburgh. 


Sept. 9-13—Instrument Society of 
America, Instrument - Automation 
Conference and Exhibit, Cleveland 
Auditorium, Cleveland. 


Sept. 17-18—Symposium on Nu- 
merical Control Systems for Ma- 
chine Tools (Electronic Control & 
Data Processing), Sponsored by 
Radio Electronics-Television Manu- 
facturers Association, Ambassador 
Hotel, Los Angeles. 


Sept. 23-24 
Society, Hotel 


York. 


Standards Engineers 
Commodore, New 


Sept. 24-25—AIEE-IRE Industrial 
Electronics Conference, Morrison 
Hotel, Chicago. 


Oct. 7-9—National Electronics Con- 
ference, Hotel Sherman, Chicago. 


testants is the potential commercial 
development of ideas receiving awards. 
Last year over 30,000 instrumenta- 
tion and automation equipment manu- 
facturers and users attended the Con- 
ference and Exhibit. Entries will be 
judged on novelty, practicality and 
adaptability. Entries are encouraged 
from all sources and are not limited 
to members of the Instrument Society 
of America. Deadline for entries is 
July 15. Entry blanks for the “New 
Ideas in Instrumentation Contest” may 
be obtained from S. D. Distelhorst, 
Director of Membership Relations, 
Instrument Society of America, 313 
Sixth Avenue, Pittsburgh 22, Penna. 
IRE Confers Pioneer Award 
on Hughes Aircraft Executive 
The IRE 1957 Award has 
been conferred on Lawrence A. Hy- 
land, vice-president and general mana- 
ger of Hughes Aircraft Co. of Culver 
City, Calif. by the Institute of Radio 
Engineers’ professional group on aero- 
nautical and navigational electronics. 
The plaque, which Hyland accepted 
before the IRE’s National Conference 


Pioneer 


Oct. 10-—-AIEE Reliability and 
Quality Control in Electronics Con- 
ference, Silver Spring, Md. 


Oct. 16-18—AIEE Feedback Con- 
trol Conference, Chalfonte-Haddon 
Hall Hotels, Atlantic City, N. J. 


Oct. 17-18—National 
on Industrial Hydraulics, Armour 
Research Foundation, Sherman 
Hotel, Chicago. 


Conference 


Nov. 4-8—National Metal Exposi- 


tion, Chicago. 


Nov. 6-8—Conference on Electronic 
Techniques in Medicine and Biology 
(sponsored by Instrument Society of 
America), Boston. 


Nov. 11-15—National Electrical 
Manufacturers Association, Annual 
Meeting, Traymore Hotel, Atlantic 
City, N. J. 


Nov. 17-21—National Plastics Ex- 
position International Amphitheatre, 
Chicago. 


Nov. 18-20—AIEE-IRE-APS ONR 
Magnetism and Magnetic Materials 
Conference, Park Sheraton Hotel, 
Washington, D. C. 


on Aero Electronics held in Dayton 
in May, honored him for his demon- 
stration in 1931 that radio waves will 
reflect from basic radar 
discovery. He first observed the prin- 
ciple of radar detection of aircraft 
while an engineer in the 
Naval Research Laboratory at Ana- 
costia. Hyland is credited with more 
than 40 inventions, including the 
shielded spark plug which made pos- 
sible radio communications in aircraft. 
In 1950, he received the Distinguished 
Public Service Award, highest civilian 
honor of the United States Navy. He 
is a Fellow of the IRE, and a mem- 
ber of the Society of Naval Engineers 
and the Society of Automotive Engi- 
neers. 


objects—a 


associate 


Industrial Designers’ Institute Moves 

The Industrial Designers’ Institute has 
moved to new and larger offices at 
441 Madison Avenue, New York. In 
1956, IDI added four new chapters, 
and expects to grant charters to two 
new chapters during 1957. The Insti- 
tute now has more than 600 members. 


ELECTRICAL MANUFACTURING 





(Advertisement) 


SPECIAL REPORTS ON FINISHING 
NON-FERROUS METALS 


NUMBER I11—Lustrous, Corrosion-Resistant Finishing with 
Chemical Polishing Iridite 


Chromate conversion coatings are wide- 
ly accepted throughout industry as an 
economical means of providing corrosion 
protection, a good base for paint and de- 
corative finishes for non-ferrous metals. 
Certain of these coatings also possess 
chemical polishing abilities that have lus- 
ter-producing, as well as corrosion-inhib- 
iting, effects on zinc and cadmium plate, 
zinc die castings and copper alloys. How- 
ever, continued developments in this field 
have been so rapid that many manufac- 
turers may not be completely aware of the 
breadth of application of this type of fin- 
ish. Hence, this discussion of the many 
ways in which this chemical polishing 
characteristic can be used in final finishing 
or pre-plating treatments to produce a 
lustrous appearance with distinct display 
and sales appeal and appreciable savings 
in cost. Report I on decorative, corrosion- 
resistant finishes and Report II on paint 
base corrosion-resistant finishes are avail- 
able on request. 


The degree of luster possible on a sur- ° 


face is a function of the degree to which 
the surface can be smoothed. Leveling to 
provide a smooth surface can be achieved 
by mechanical or chemical means, or a 
combination of these, depending upon the 
luster desired and the original condition of 
the metal. Chemical polishing effectively 
imparts luster otherwise difficult and cost- 
ly to obtain. For this reason, it is often 
used to supplement or entirely replace 
mechanical polishing, depending upon the 
application a. the original condition of 
the metal. Chemical polishing has the 
additional advantage of providing overall 
treatment of the submerged part. It 
reaches into even the deepest corners and 
recesses that are otherwise inaccessible. 
Certain of the Iridites are specifically de- 
signed to perform this chemical polishing 
operation. Also, they provide corrosion 
protection as do all Iridites, thus may be 
used as a final finish or a pre-plating polish. 
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® 
WHAT IS IRIDITE? 


Briefly, lridite is the tradename for a specialized line of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 
reaction occurs that produces a thin (.00002” max.) gel-like, complex chromate film of 
@ non-porous nature on the surface of the metal. This film is an integral part of the 


metal itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or 
specially trained personnel are required. 


If Iridite is to be used as a final finish, in 
contrast to pre-plating treatment, the 
chromate conversion coating generated is 
allowed to remain, providing good corro- 
sion resistance. Color inherent in these 
Iridite films ranges from a yellow cast to 
yellow iridescent. These coatings may be 
used without further treatment where this 
color is acceptable and good corrosion re- 
sistance is desired. Further, these basic 
coatings can be tinted by dyeing. Among 
the dye tints available are shades of red, 
yellow, blue and green. If desirable, the 
basic coatings can also be modified by a 
bleach dip leaving a clear bright or blue 
iridescent finish. In all cases bleaching 
reduces corrosion resistance. 


As examples of this type of final finish- 
ing, Iridites #4-73 and #4-75 (Cast-Zinc- 
Brite) make possible for the first time, 
lustrous chemical polishing of the as-cast 
surface of zinc die castings. Thus, in 
many cases, sizeable savings in finishing 
cost are realized by elimination of plating 
costs. This economical method can be 
used on tools, appliance parts, toy pistols, 
locks and many other small castings. 
Another example is the treatment of cop- 
per and brass parts, such as welding tips, 
to eliminate buffing and provide addition- 
al corrosion resistance. In many cases, 
handling costs are reduced appreciably by 
replacing piece-part handling with bulk 
processing. Still another example of the 
use of this chemical polishing and protect- 
ive quality of Iridite is a simple system of 
zinc plate, Iridite and clear lacquer instead 
of more costly electroplated finishes. Typ- 
ical of this type of lustrous finish are 
builders hardware and wire goods. 


As a pre-plating treatment, in contrast 
to final finishes, Iridite can be used to 
chemically polish zinc die castings or cop- 
per prior to plating. In such cases, Iridite 
should be applied as an in-process step, so 
that the protective film is removed before 
the plating cycle. The savings in hand- 
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ling, material and labor costs are obvious. 
This process has made it practical to plate 
chrome directly over copper on steel, con- 
serving nickel, yet producing a lustrous 
chrome finish. Used after stripping faul- 
ty plate in reprocessing zinc die castings, 
Iridite restores luster to the casting, 
thus making possible replating without 
blistering. 


Other Iridite finishes are available to 
produce maximum corrosion resistance, 
a wide variety of decorative finishes and 
excellent bases for paint on all commercial 
forms of the more commonly used non-fer- 
rous metals. As a final finish, appearance 
ranges from clear bright to olive drab and 
brown and many films can be bleached or 
dyed. As a paint base Iridite provides 
excellent initial and retentive paint adhe- 
sion and a self-healing property which pro- 
tects bare metal if exposed by scratching. 
Iridites have low electrical resistance. 
Some can be soldered and welded. The 
Iridite film itself does not affect the dimen- 
sional stability of close tolerance parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica- 
tions because of their top performance, 
low cost and savings of materials and 
equipment. 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product de- 
mands the services of a specialist. That’s 
why Allied maintains a staff of competent 
Field Engineers—to help you select the 
Iridite to make your installation most effi- 
cient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under ‘‘Plating Supplies’’ 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part processing, is available. 
Allied Research Products, Inc., 4004-06 
East Monument Street, Baltimore 5, 
Maryland. 
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nylon connectors! 


Plugs designed 
for solderless 


Available in 13 
bright colors 


Resists extremes 
of heat, cold, 
moisture 


Complete Line of Nylon Jacks, 
Binding Posts, and Solderless Plugs! 


This rugged connector line is designed to 
meet severe mechanical, electrical, tem- 
perature, and humidity requirements. . . 
voltage breakdowns rated up to 12,500 
volts DC. Tough, low-loss nylon won’t 
chip or crack even when subjected to ex- 
treme temperature changes or abnormal 
mechanical stress. Connectors are designed 
for fast, easy mounting—available in 13 
bright colors for coded applications. For 
complete information on Salaion nylon 
connectors as well as other connectors in 
the Johnson line write for your copy of 
Components Catalog 977a today! 


NYLON TIP PLUG—Completely 
insulated ... sleeve molded of ny- 
lon. Recessed metal head. Current 
atin : 10 amps. Metal parts are 


nicke -plated brass. Designed for 
solderless connection of up to 16 
ga. stranded wire. (Pat. Pending) 


NYLON TIP JACK — All nylon 
body with silver-plated beryllium 
copper contact. Current rating: 10 
amps. Voltage breakdown: 11,000 
volts DC. Capacity to \%’ panel: 
2.0 mmf. Y%"-32 nut furnished. 
Cat. No. Mounts in '744" dia. hole. (U.S. 
105-601 to -613 Pat. No. 2,704,357) 


NYLON JACK AND SLEEVE — 


Standard nylon tip jack less mount- 
tos 05-701 to -713 


ing nut, with inside threaded nylon 
Cat. 


sleeve. ideal for patch cords— 
. No. 
105-801 to -813 


. No. 
105-301 te -313 


‘ig 


excellent for panel mounting of 
nylon tip jock where insulated rear 
connection is desired. (Jack as 
above—U.S. Pat. No. 2,704,357) 


SPECIAL NYLON TIP JACK — 
Low cost. All nylon body with 
formed silver- auted phosphor 
bronze contact. Current rating: 10 
amps. Voltage breakdown: 9,000 
volts DC. Capacity to 4%" panel: 
2.0 mmf. Y%"-32 nut furnished. 
Mounts in | 744" dia. hole or double 
fiat hole. 


NYLON BANANA PLUG—Com- 


act, high voltage insulated plug. 
Body and pin are of one piece 
nickel-plated brass with high grade 
nickel-silver springs. Current rat- 
ing: 10 amps. Sedat for solder- 


less connection of up to 16 gouge 
Tos- 301 fo -313 


stranded wire. (Pat. Pending) 
_® 


NYLON BANANA JACK—Mold- 
ed nylon body with cadmium- 
plated insert. Current rating: 10 
amps. Voltage breakdown: | 500 
volts DC. Capacity to 'As” panel: 
1.5 mmf. 5As"-32 nut furnished. 
Mounts in 2'44" dia. hole. 
508-901 to -913 


NYLON BINDING POST — Pre- 
assembled — thumb nut is self- 


captivated, cannot be removed. 
Molded nylon body — shank is 
silver-ploted brass. oltag e breok- 
down: 8,000 volts De” Current 
rating: 15 amps. Co’ pacity to Ye" 
ande 3.3 mmf. ee -32 nut 
Cat. Ne nished. Mounts in 214," dia. aa, 


“D" hole, or dovble-flat hole. 
111-101 fe -413 (Pat. Pending) 


Write today for complete specifications 
and descriptive data. 


E. FE. Joh mson Company 
2017 Second Ave. S.W. © Waseca, Minn. 
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Men in Industry 


Eastern Air Devices, Inc., Dover, 
N. H., has promoted Edmond J. Burke 
to assistant chief engineer. 

Mr. Burke, who joined the company 
in 1946, for the past several years has 
been a project engineer and _ section 
head of the engineering department. 


The Tobe Deutschmann Corp., Nor- 
wood, Mass., has appointed Jerry G. 
Eicher a project engineer at the com- 
pany’s Engineering Laboratories in 
Calif. Mr. Eicher will be re- 
sponsible for the design and manufac- 
ture of electronic components such as 
pulse-forming networks, 


Venice, 


pulse capaci- 
tors, high-voltage capacitors, delay lines 
and band pass filters. He comes to Tobe 
Deutschmann from Hughes Aircraft. 


L. F. Hickernell has been appointed 
vice president-engineering of Anaconda 


L. F. HICKERNELL 


Wire & Cable Co., New York. In his 
new post, Mr. Hickernell will have full 
responsibility for directing the engi- 
neering, as well as the research and 
development activities of the company. 


Mr. Hickernell is a fellow and direc- 


LEONARD L. CARTER 


tor of the AIEE, and has been a con- 
tributing editor to the Standard Hand- 
book for Electrical Engineers. He 
joined the Anaconda Wire & Cable 
Company at Hastings-on-Hudson, New 
York in 1931, and has been chief en- 
gineer of the company since 1933. 

In another move, the company 
named Leonard L. Carter, chief engineer 
of the company. Mr. Carter will serve 
in a general executive 
all activities of the 
partment. 


capacity over 
engineering de- 


Several new engineering staff posi- 
tions were announced recently by the 
Eclipse Machine division of Bendix 
Aviation Corp., Elmira, N. Y.. among 
them that of Joseph W. Poliseo who 
has been named chief engineer of a 
new Electronics 
ment. 
sistant 


Engineering 
Robert W. Sutton, formerly as- 
chief engineer in carburetor 
engineering and one of the engineers 
chiefly responsible for the development 
of the Electrojector—the 
automotive fuel injection 
troduced by Bendix 
ed assistant chief 
Electronics 


depart- 


electronic 
system in- 
has been appoint- 
engineer of the 


Engineering Department. 


A gold medal for exceptional service 
awarded to Melvin Martins, 
an electronics engineer, Elyria. Ohio, 
by the U. S. Department of Commerce 
for his part in the development of 
new instrument for the Census Bureau. 
The instrument transcribes census data 
brought in from the field into language 
that can be fed to Univac, the electron- 
brain. Mr. Martin is a member of 
the engineering and design staff of 
Colson’s Hospital Equip- 


has been 


Electronic 
ment Division. 


New Chief Engineer at the Industrial 
Dept, Vickers Inc., Detroit, is Robert 
A. Erskine. 

In another 
nounced the appointment 
Gunther as Chief 
and Ordnance Dept. 

Mr. Erskine will be located in Vick- 

Detroit offices. He joined the en- 
gineering department of Vickers in 
1935 and was most recently _ staff 
assistant to the vice president and 
director of engineering. During his 
Vickers he has had wide 
experience in design and production 
engineering of hydraulic products for 
industrial machinery and mobile appli- 
cations. Mr. Gunther will be 


move, the company an- 


of Cari E. 


Engineer. Marine 


service at 


located 
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Motor Industry 
Automotive 
Appliances 

rer lis tity 
Talal ie 

Radio & Television 
Oil Burner 


LS Toe T ie Ty 


ea laboratory-developed to meet the unique 
requirements of your specific application! 


The Essex “Extra Test®” approach to the development of quality wire 
products has gained the confidence of engineers in every industry 
where electrical wire products are a factor! The full line of lead, 
appliance, automotive and refrigeration wires ... plus submersible 
pump cable and 200° C. Sil-X® insulations are outstanding examples 
of the versatility of “Essex Engineering.” Thorough engineering, 
from conductor to covering, has made available a wire of type and 


size with vital properties that assure you outstanding performance. 


Unusual wire or cable specifications need not trouble 
today’s engineer. By investigating the complete line of 
SX Wires and Cables, most wiring requirements can be 
quickly met by one or more of the Essex “Standards”; 
thus hastening delivery, affecting far greater economies, 
and guaranteeing an Essex Engineered ‘Industry 
Proven” product. 


~ WIRE -~ CABLE DIVISION 


ESSEX WIRE CORPORATION 
FORT WAYNE G, INDIANA 
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other outstanding 


*ESSEX ENGINEERED 
production proven products 


GENERAL PURPOSE RELAYS 


A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-boar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 
No. 1060. 
R-B-M “Control” Division 
Logansport, Indiana 


COILED CORDS 


Coiled Cords automatically synchronize with 
moving components that cre electrically 
powered. There are no looping, tangling 
cords in the way... because Coiled Cords 
extend and retract as needed. Complete line 
of cord sets and power supply cords. Write 
for new literature. 
Cords Limited Division 
DeKalb, Illinois 


REFRIGERATION WIRES 


The complete line of “Essex Engineered” in 
ternal, lighting circuit, heater and lead wire 
...plus flexible conduit, power supply cords 
and thermostat cables, are approved by 
UL and CSA. 


Wire and Cable Division 
Fort Wayne, Indiana 


® 


=ESSEX 


WIRE CORPORATION 





A New Concept of TIME... 


INDUCTOR MOTOR 


CLUTCH 
MOTOR 


400 CPS MOTOR 


... this Complete 


NEW Line of 


HAYDON’ 


TIMING MOTORS 


Here is a complete line of timing motors that includes the right 
choice for every APPLICATION ... entirely re-designed for finer 
performance. Features include: slower basic rotor speed (450 rpm), 
controlled lubrication, total enclosure, smaller size, superior ac- 
curacy, quieter operation and longer life. 


HYSTERESIS . .. the ideal general-purpose motor. 


INDUCTOR. . .. extra torque (30 ounce inches) for display and other 
heavy-duty jobs. 


CLUTCH ... allows automatic re-setting without external clutches. 


REVERSIBLE ...a hysteresis type with 2 coils, each producing 
opposite rotation. 


DIRECT CURRENT ... a permanent magnet type for 6 to 32 volts. 


400 CPS... miniature and heavy-duty models for airborne instru- 
mentation. 


FOR COMPLETE INFORMATION, write today for new catalog .. . or 
contact the HAY DON Field Engineer nearest you. 


*Trademark Reg. U.S. Patent Office 


HAYDON 


AT TORRINGTON A SUBSIDIARY OF GENERAL TIME CORPORATION 


HEADQUARTERS FOR 


HAYDON Manufacturing Company, Inc. 
TIMING cen 


2532 ELM STREET, TORRINGTON, CONN. 
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in the Waterbury Plant, Waterbury, 
Conn.. where Vickers marine and ord- 
nance activities are concentrated. 


At Cornell-Dubilier Electric Corp.. 
South Plainfield, N. J., L. S. Billman 
has been named Chief Engineer of 
the Power Factor Capacitor Division. 
Mr. Billman has been with C-D for 
the past ten years as Design Engineer 
and Engineering Assistant to Wayne 
Steinbarge. 


Anton Parisson has been made a 
partner of the firm of Peter Muller- 
Munk Associates, industrial design 
firm. At the same time, Howard A. 
Anderson, Donald J. Behnk and Roger 
I. Protas were made Associates of the 
Pittsburgh, Pa., firm. Mr. Parisson 
joined PMMA in 1948. 


Abraham A. Perez is a new senior 
systems engineer in the product devel- 
opment department of the National 
Cash Register Company Electronics 
Div., Hawthorne, Calif. Formerly, Mr. 
Perez was a senior systems engineer 
for the Datamatic Corporation, Newton 
Highlands, Mass., where he did liaison 
work between Datamatic and equip- 
ment development contractors, planned 
the logical design and preliminary lay- 
out of a file reference unit for the Data- 
matic 1000 data-processing system and 
was responsible for the logical design 
for an airborne digital computer. 


Richard H. Baker has been advanced 
to the newly created post of Adminis- 
trator, Value Engineering, Defense 
Electronic Products, Radio Corporation 
of America, Camden, N. J. Formerly 
Manager of Defense Engineering Stand- 
ards and Services, Mr. Baker now as- 
sumes responsibility for planning and 
coordinating an overall program for 
product improvement, simplification, 
and economy. 


Diamonite Products Manufacturing 
Co., Canton, Ohio, a division of the 
United States Ceramic Tile Co., has ap- 
pointed Dr. Robert F. Rea director of 
engineering. Dr. Rea will be located at 
the company’s new research center re- 
cently constructed at Shreve, Ohio, 
where experimental and pilot opera- 
tions of Diamonite high alumina ce- 
ramics are conducted. 

Dr. Rea holds a bachelor of ceramic 
engineering degree from Ohio State 
University as well as a Ph.D. in Ceramic 
Engineering. 


New senior of the technical staff at 
Federal Telecommunication Labora- 
tories, Palo Alto is Joseph W. Halina 
who will be responsible for systems and 
circuit design. The laboratory is a re- 
search and development facility of 


IT&T. 
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...felies on ‘‘neurons" of Seymour Nickel Silver 


Dial telephones carry your voice to the ends of the earth 
through an intricate electrical network which closely 
resembles the human nervous system. Seymour nickel 
silver plays a key role in modern communications as 
part of the North Electric Company “Crossbar Switch- 
ing System” which automates independent telephone 
company exchanges. 

Tiny, neuron-like contacts on North Crossbar switch 
assemblies rely on flat springs of even-tempered Sey- 


Long distance telephone operators link distant points 
to the North Crossbar System in Seymour, Indiana. 


mour nickel silver for trillions of “makes-and-breaks”. 
Easy to work, corrosion-resistant and possessing ex- 

cellent conductivity, Seymour nickel silver has an en- 

viable reputation for quality and uniformity among 

hundreds of manufacturers who say: — 

“Specify SEYMOUR. You KNOW it’s good!” 


Perhaps Seymour metallurgists can help solve your 
materials problems. Tell us your requirements. 


® 


THE SEYMOUR MANUFACTURING COMPANY 


8 FRANKLIN STREET, SEYMOUR, CONNECTICUT 


Circle 309 on page 17 








AICO ... SUPER MARKET FOR MOLDED PLASTIC PARTS 


Production in Depth 


Assures On-Time Delivery of Your 


TMC CUM CRS 


This new 20 oz. injection press, backed up by the big 48 oz 
press, is typical of Aico’s unusual Production in Depth. With 
press sizes from 1% to 48 ozs., Aico’s Injection Molding 
Department is equipped with several presses for practically 
every injection molding job. This correlation of Aico facilities 
assures on-time delivery for all your molded plastic parts. 





At AICO, under one roof, you will find complete facilities for the 
economical and on-schedule production of all your custom molded 
plastics. Regardless of molding material, molding method used or 
quantities involved . . . production schedules are maintained by 
Aico’s Production In Depth. At Aico, your job can be molded on 
more than one of the many presses in each Aico department. This 
is typical of Aico’s complete plastics molding service that has pro- 
vided many of America’s leading manufacturers with product im- 
provement, quality refinement and reduction of costs through the 
proper application of molded plastics. 


SINCE 1916 — Many Products are Better Because of Aico Molded Plastics 


AMERICAN INSULATOR 


CORPORATION 
ee SLPS asses aeseeeseaaQq, 
AMERICAN INSULATOR CORPORATION 


New Freedom, Pennsylvania 
















Please send me a copy of Aico Facilities Booklet 
describing and illustrating Aico’s One-Stop Shop- 
ping Service for Molded Plastics. 


SEND FOR THIS FREE SHOPPING GUIDE 
TO AICO'S SUPER MARKET OF MOLDED 
PLASTICS ... Aico Facilities Booklet 
lescribes the equipment needed 
to provide a complete moldir 

service. Serves as a valuable 
ew uice to selecting a fully- 


1 1olde 
equipped nm 1 


Sep le nioaaeniaililniaiat 


TN eter citi cae iat ee 
r to do all your 
work, and thus avoid the annoy- Company 


ance and waste of split responsi 
bilities 


Se eee eee» 
See ee ee ee 


: ” Address snnpcinsgunligloasicicipaaniisai 
A - » 
AICO’S COMPLETE PLASTICS MOLDING SERVICE ; including Engineering, Mold Building, Compression, Transfer, Plunger, 


Injection and Cold Molding . . . Plus the molding of Reinforced Fiberglas. 
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Eleven years ago, Dow Corning opened 
its first Silastic fabrication laboratory. 
This month, the Midland, Mich., firm is 
starting from scratch and is again open- 
ing an extensive and elaborate labora- 
tory: the new, quarter-million-dollar 
Silastic Experimental Fabrication Lab- 
oratory. Housed in its own 6,400 square 
foot building. the laboratory and its 
staff ae still primarily dedicated to the 
development of fabrication techniques. 
In practice, however, this is known as 
“customer service,” and it takes the 
form of solving specific problems in 
forming and curing silicone rubber as 
they are presented. 


The acquisition of the Tyson Bearing 
Corporation, Massillon, Ohio, has been 
announced by SKF Industries, Inc., 
Philadelphia, manufacturer of ball and 
roller bearings. SKF acquired a con- 
trolling interest in Tyson more than 
two years ago, and recently increased 
stock ownership to almost 100 per cent. 


Hoover Ball and Bearing Co. has 
started construction on its new one-and- 
a-half-million-dollar plant which will 
house the Ball and Bearing Div. pres- 
ently located at 326 E. Hoover St., Ann 
Arbor, and which has been sold to the 
University of Michigan. The new fac- 
tory now under way is located on an 
87-acre site southwest of Ann Arbor. 
The new plant will provide 200,000 
square feet of floor space scheduled for 
December completion. 


The B. A. Wesche Electric Co. has re- 
cently completed a new factory and 
office building as a home for its 50- 
year-old electric motor business. This 
plant is located in the Blue Ash Indus- 
trial Subdivision. 


Establishment of a new division to 
specialize in the engineering, design, 
and manufacture of a standard instru- 
mentation line of magnetic-tape record- 
ing and reproducing equipment has 
heen announced by Consolidated Electro- 
dynamics Corp., Pasadena, Calif. It will 
be called the DataTape Div. 


The Cross Co., Detroit, completed the 
first phase of a long range expansion 
program with the opening to the public 
of a new $6 million factory and office 
building at Goresbeck Highway in 
Fraser, Mich., that will produce auto- 
mation machinery. 
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Mallory 


the only 


power rheostat 
of its kind! 


Ql)» 


unique hinged contact arm 
permits easy inspection and cleaning... 
provides constant pressure for good contact 


wire drawn to rigid Mallory specifications. 
Special tapers can be provided to individ- 


No hot contacts...constant, correct 
spring pressure! The Mallory design always 


maintains correct spring pressure because 
it is coil-spring loaded. Heavy-duty pig- 
tails by-pass the current around the spring 
—heavy loads never destroy tension by 
overheating the spring material. A variety 
of springs is available, providing a choice 
of contact pressures—resulting in low 
contact resistance yet maintaining long 
rotational life characteristics. 


Conservatively rated, Mallory rheostats 
run cool. A high grade porcelain base and 
a tough porcelain-enameled core are fused 
together under high temperatures to pro- 
vide a unit that is resistant to shock 
and vibration. 


The core is smoothly wound with resistance 


ual customer specifications. These tapers 
incorporate a new, exclusive Mallory- 
developed process that eliminates unsightly 
wire splices. 


Mallory rheostats are available in 8 sizes: 
25-watt, 50-watt, 75-watt, 100-watt, 150- 
watt, 225-watt, 300-watt, and 500-watt. 
For special requirements, Mallory engi- 
neers will design units to meet your 
particular specifications. 


Complete catalog information and tech- 
nical data on Mallory Power Rheostats 
may be had on request. Ask for Mallory 
design and application assistance to fill 
your exact requirements. 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals * Welding Materials 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. 
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Expect more...Get more from 


MALLORY 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 








ELGIN NATIONAL WATCH COMPANY 
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IN ACTZTION 


time lapse trigger 


} <s 


for outer space? 


*10 billion to 1 ratio 


Fi ehameace le ale me eae hay) 


ACTUAL size. ‘& 


developed by ELGIN 


No larger than your thumb, this 
gear train is ready and 
working. Its use is classified, 
but what would you use it for? 
Here is an off-the-cuff compu- 
tation you might consider: at 
5,000 RPM input, output is one 
revolution/3.8 years. And, as an 
added advantage, its efficiency is 
amazingly high. 


Elgin’s constant search for new 
ideas and concepts has built a 
production and research organi- 
zation extending from Elgin, 
Illinois to Lincoln, Nebraska to 
Conoga Park, California. The 
development of a 10 billion to 
one ratio gear train is a single 
example of Elgin’s ability to cre- 
ate tomorrow’s products today. 
It can do the same for you in the 
field of time-metering instru- 
ments, fusing, safety and arming 
devices,and small precision gear- 
ing, gear trains and differentials. 


Elgin’s rapidly expanding tech- 
nical staff now offers a broad scope 
of opportunities for qualified en- 
Pita Mel Moet alten 





MICRONICS DIVISION ¢ ELGIN, ILLINOIS 
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Engineering 
Standards 


Standard Metallizing Symbols 


Publication of “Standard Metallizing 
Symbols,” makes it possible to specify 
metallizing requirements simply yet 
accurately. These symbols result from 
the joint efforts of the American Weld- 
ing Society Committee on Metallizing 
and the Canadian Government Specifi- 
Metalliz 
ing. Full details are provided for de- 
veloping metallizing symbols to specify 
all of the operations 
tion, extent of 


cations Board Committee on 


surface prepara- 
metallizing, thickness 
of coating, and method of finishing. 
“Standard Metallizing 
may be obtained at $1.00 
American Welding Society, 
39th St.. New York 18, N.Y. 


Copies of 
Symbols” 
each from 
33 West 


Capacitors 


four revised 
available: 


Electrolytic Ca- 


The following NEMA 
Standards are now 


CP 6-1957 a-c 


pacitors for Motor 

Starting 20¢ 
CP 7-1957 d-c Fixed Paper Di- 

electric Capacitors 

for General Indus- 

trial Applications 10¢ 


CP 5-1957 Fixed Paper Dielec- 
tric Capacitors for 
General-purpose a-c 
Applications 

CP 2-1957 Series Capacitors 


35¢ 
35¢ 

Standards are given for ratings, serv- 
ice conditions, construction, marking, 
case and mounting dimensions, testing 
and application. Direct orders to Na- 
tional Electrical Manufacturers Associ- 
ation, 155 E. 44th St., New York 17. 
N. Y. 


Waveguide Components and Coatings 
“Your Guide To Waveguide Standards” 
contains the following complete speci- 
fications: RMA Standard For Rigid 
Rectangular Waveguides; Waveguide 
Assemblies—VSWR and _ Bandwidth 
Data For Bends, Corners and Twists: 
Waveguide Flanges; Guide To Selec- 
tion of Standard Waveguide Flanges 
with a detailed listing of the Military 
Standards; Guide to Selection of Stand- 
ard Rigid Rectangular Waveguides; 
and Rigid Rectangular Waveguides. 

Copies may be obtained from Budd- 
Stanley Co., Inc., Long Island City, 
Pn 


ELECTRICAL MANUFACTURING 


Attndl Nfstmetio Mereriale 


... the most complete line in the industry 


PERMANENT MAGNET 
MATERIALS 

Cast Alnico Magnets 
Sintered Alnico 
Magnets 

Vicalloy 

Cunife 

Arnox lil 


HIGH PERMEABILITY 
MATERIALS 


Tape Wound Ceres 
of Deltamax, 
Supermalloy, 

Permalloy 


“C” and “E” Cores of 
Silectron 
Bobbin Wound Cores 


Molybdenum Permalloy 
Powder Cores 


Iron Powder Cores 
Sendust Powder Cores 


Special Magnetic 
Materials 


PRECISION-TESTED TO YOUR SPECS... 


Arnold magnetic materials can answer all your requirements. It is the most 
complete line in the industry; and in addition, Arnold maintains complete control 
over every production step from raw materials to finished products. 
Typical testing of Molybdenum Permalloy Powder Cores is illustrated above. 
Precision equipment and methods such as these accurately measure the properties of all magnetic 
materials before shipment, insuring ultimate performance in accordance with your specifications. 
Booth 1610-1611 Such a source can bring you advantages in long experience and undivided 


responsibility, and in unequalled facilities for quality control and production. 
at the WESCON SHOW 


wsw 6768! 


© Let us supply your needs! 


SAN FRANCISCO, CALIFORNIA 
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LIBRASCOPE X-Y PLOTTERS 
offer the highest accuracy in 
rapid graphic presentation for 
data handling. In ever expand- 
ing areas of application —in 
scientific laboratories, indus: 
trial, engineering and business 
offices—wherever automatic 
plotting is important. 


Mode! 200-A 
Potentiometer Transducer type 


as SS HBR RR POM OS 
NEW LIBRASCOPE 
x-Y PLOTTERS 


Mode! 200-B 
for DC signal inputs 


Optional accessory input chas- 
sis provide for changing from 
one type of input to the other. 
A complete line of accessories 
— keyboards, binary, punched 
card and punched tape con- 
verters—make the new series of 
Librascope X-Y Plotters ideal for 
any point plotting or curve trac- 
ing assignment. 


ACCURACY: Static-.1% 
Dynamic-.5% at 5”/sec. 
RESPONSE: 1 second full scale 
PLOTTING AREA: 10”x 15” 
Absolutely drift free—High input impedance 
Reliable new ink feed system. 


Send for new 
8 page brochure. 


us ARY OF GENERAL PRE 2 QUIPMENT CORPORATION 


808 WESTERN AVENUE © GLENDALE, CALIFORNIA 
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Abstract and Comment 


The Protection of Ideas 


ALBERT WOODRUFF GRAY, 


Patent Attorney 


IN A LAWSUIT RECENTLY before the 
New York State courts an inventor 
complained that a discovery he had 
made and retained in secret. had been 
appropriated by a company to which 
he had offered the invention for sale. 

Models and drawings, he claimed in 
this action, had been made by him of 
an improvement in existing communi- 
cation equipment. These had been sub- 
mitted to the manufacturer of the 
original equipment at its invitation but 
upon the condition that should the 
company decide to use this design the 
inventor was to be employed by the 
comvany. These plans, he claimed. 
had been later returned to him with a 
rejection of his offer but only after the 
company had studied and adopted the 
invention for its own use. 

This invention had not been patented 
and this suit was brought for an in- 
junction against the use of the inven- 
tion and for damages for what was 
claimed to be a breach of contract. 
Precluded by the absence of a patent 
from bringing an infringement action. 
the inventor based this suit on the prin- 
ciple of law that has long served the 
courts in their determination of contro- 
versies arising from the pirating of the 
ideas of others. In a summary of this 
principle the court in the decision of 
that action said: 

“The man did not patent his inven- 
tion and the general statement has 
sometimes been made that an inventor’s 
right to his unpatented work depends 
on his ability to guard successfully 
his secret. When the idea is published 
without patent or copyright or the 
product is produced, sold and opened 
to inspection, anyone who has the in- 
genuity to utilize the idea, or to dissect 
the product and discover the secret. 
may make free use of it without ne- 
cessity to account to its originator. 

“But when the idea comes into the 
possession of one through special, con- 
fidential disclosure by the inventor or 
under contractual or other legal re- 
strictions, its disclosure may be the 
breach of a fiduciary trust which 
equity will restrain. And if there is a 
profitable use made of it, the fiduci- 
ary nature of the knowledge acquired 
may result either in a requirement to 
account for damage for the invasion of 


the property right against one who has 
thus acquired the knowledge and mis- 
used the confidence.” 

Another controversy involving the 
same principle of law came before a 
Federal District Court in Louisiana 
only a few months ago. A young elec- 
trical engineer had invented a method 
for the location of vessels when de- 
tonating dynamite in the prospecting 
for offshore oil fields. Lured into the 
disclosure of his invention by the 
promise of others of a share in a joint 
venture, with adequate financing of 
the developing and marketing of his 
discovery, he disclosed these plans only 
to discover later, that patents for the 
very inventions had been issued to those 
whom he had made these disclosures. 

In its decision awarding protection 
against this piracy the Federal court 
said, “The robber baron morality of 
another day is no longer acceptable. 
Courts are insisting on increasingly 
higher standards of commercial integ- 
rity. It has been long recognised that 
any patent obtained through fraud 
and dishonest dealings is unenforeable 
in a court of equity. Now business 
information or trade secrets, not rising 
to the stature of invention, are pro- 
tected. The fact that the business in- 
formation is otherwise available is no 
defense. The improper acquisition it- 
self creates the liability in damages. 

“Another situation arises, however. 
when the possessor of an idea of this 
character voluntarily discloses his se- 
cret and has lacked the foresight to 
tag his idea with his own badge of 
ownership. Published to the world 
without restriction, a secret, irrespec- 
tive of its character or value, becomes 
the property of him who may wish to 
use it.” 

Many years ago there was disclosed 
to an insurance company an advertis- 
ing plan. This disclosure had been 
made under the belief of its owner 
that should the plan be used. he 
would be paid for his idea. When the 
plan was later adopted, with no com- 
pensation forthcoming, he sued for its 
value. He was turned down since the 
court decided that the company had 
taken from the possessor of the idea 
no profits nor diverted them from him. 
Without denying that there may be 
property in an idea or trade secret o1 
system, the court said that its originator 
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Cleveland miniature socket screws 
give extra strength in compact assemblies 


Cleveland miniature cap and set screws eliminate the 
need for designing special screws to fasten parts in 
compact units. In countless intricate devices — servo- 
mechanisms, computers, typewriters, electronic and 
electrical equipment—they are used as functional parts 
permitting significant reduction in size, weight and 
cost without sacrificing strength. 

Dimensions are held to very close tolerances. Accu- 
rately formed hexagon sockets insure high torque, non- 
slip wrenching, and maximum wrench holding power. 
Threads are rolled for accurate Class 3 fit and to gain 
extra fatigue and tensile strength. Alloy steel screws 
are carefully heat treated to obtain optimum of 180,000 


WAREHOUSES: Chicago : 


psi minimum tensile strength. 

Cleveland standard miniature screws are available 
from stock in both high quality heat treated alloy steel 
and nonmagnetic 18-8 stainless. Write today for prices 
and a copy of the Cleveland socket screw products folder. 


RECOMMENDED INSTALLATION TORQUES IN IN.-LB. 
FOR HEAT TREATED ALLOY STEEL SOCKET SCREWS 


Socket head cap screws Socket set screws, plain cup point 


Diameter Diameter 


THE CLEVELAND CAP SCREW COMPANY 


4444-11 Lee Road, Cleveland 11, Ohio 


Philadelphia ° New York Los Angeles 
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If you’re in the dark 


as to the relay to use... 


We'll be glad to throw 
some light on the subject 


Selection of the proper relay is easy when 
you use Comar’s engineering service. We specialize 
in designing and manufacturing relays 
to meet a wide range of applications. 
No cost or obligation for our suggestions. 
Inquiries invited. 
Rw amar =—_—_—_ 
LS OIMUOT iecreic conPany 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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or proprietor must himself protect it 
from escape or disclosure. 

Of the characteristics of property in 
ideas and the consequences of the un- 
restricted escape by disclosure into 
public domain, Justice Brandeis of the 
Supreme Court once said: 

“An essential element of individual 
property is the legal right to exclude 
others from enjoying it. If the property 
is affected with a public interest the 
right of exclusion is qualified. But the 
fact that a product of the mind has 
cost its producer money and labor and 
has a value for which others are will- 
ing to pay, is not sufficient to ensure 
to it this legal attribute of property. 
The general rule of law is that the 
noblest of human productions — 
knowledge, truth ascertained, concep- 
tions and ideas—become after volun- 
tary communication to others, free as 
the air to common use.” O00 


Building Block Concept 
for Machines and Controls 


WHEN ENGINEERING CHANGES ARE MADE 
in the automotive industry, they create 
a real problem in changing over expen- 
sive production equipment like in-line 
transfer machines. J. F. Randall, Man- 
ufacturing Engineering Office, Ford 
Motor Company indicated at the recent 
21st Westinghouse Machine Tool Elec- 
trification Forum that engineering de 
sign changes have often obsoleted 
major sections of relatively new ma- 
chines. The answer to this problem is 
greater flexibility in the design of 
highly specialized in-line transfer ma- 
chines currently in use. 

One answer would be the application 
of the building block concept in which 
the mounting surfaces for such major 
machine components as vertical and 
angular columns, wing bases and main 
bases would be standardized dimen- 
sionally. Appropriate dimensional 
standards could be developed for each 
of the various horsepower ranges of 
drive units normally encountered. 

This idea has been used by individual 
machine tool builders, but each com- 
pany has its own standards. Neverthe- 
less there is a remarkable similarity in 
dimensions of mounting surfaces. Ma- 
chines utilizing interchangeable com- 
ponents will go a long way toward 
reducing the present high cost of 
obsolescence, Mr. Randall states. 

Much can also be done with hy- 
draulic, pneumatic and electrical sys- 
tems to reduce obsolescence. An 
example is the use of individual hy- 
draulic and power units for each sec- 
tion of an in-line transfer machiné. 
Here an entire machine section can 
readily be interchanged if required due 
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STIFF SPECIFICATIONS 


Yet a DIEHL motor met all requirements 


The requirements of one of the largest milling ma- 
chine manufacturers called for a close-coupled, special 
duty motor to raise and lower the knee and develop 
sufficient torque for heavy table loads in rapid trav- 
erse without stalling. Cool operation was imperative 
to avoid distortion of the machine table due to heat 
transfer. The motor was to be mounted directly on 
the gear case, therefore complete protection against 
oil leakage into the motor was essential. Motor size, 
compactness and appearance were important factors. 


DIEHL developed the special totally enclosed motor 
illustrated, which met all desired requirements. Cool 
operation was assured by the fan-cooled design of the 
motor, effectively preventing heat transfer. The flat- 
type construction saved considerable space and over- 
hang, conforming well with machine contours. Positive 
and dependable machine operation was the end result. 


This is another example of DIEHL accomplishment 
based on almost three-quarters of a century of expe- 
rience in the design and manufacture of motors for 
industry. Utilize this experience in the solution of your 
motor problems. We'll work closely with you to pro- 
vide the right motor—at the right time—at the 
right price. 


DIEHL MANUFACTURING COMPANY 


Electrical Division of 
THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


] Please send me Consolidated Motor Catalog and Price List 
No. EM-8—3540 


[] Please have a DIEHL representative call 
NAME 


COMPANY 
STREET 


Baltimore * Chamblee, Ga. * Charlotte * Chicago * Cincinnati * Milwaukee * Needham, Mass. * New York * Philadelphia * Syracuse 
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PHILLIPS 
HERMETIC SEALS 


The Man from Phillips is the man to see for 
glass-to-metal seals — any type, any size, any 
quantity, standard or custom-engineered. Ex- 
ceptionally fast delivery. Write for catalog. 


Phillips Control Corporation, Joliet, Ulimois — an avieo PAPER CORPORATION 


SUBSIDIARY — SALES OFFICES: NEw YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA 
MONICA - WASHINGTON - WINSTON SALEM- CLEVELAND - DALLAS - SEATTLE - KANSAS CITY - ST. LOUIS - DETROIT 
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Hundreds of standard 


JONES 


TERMINAL PANELS 


Complete equipment for 


SPECIALS 


Several pages of Jones Catalog No. 21 
illustrate standard and special panels 
we are constantly producing. Latest spe- 


Send your cial equipment enables us promptly to 
Produce practically any panel required. 


specifi cations Send print or description for prices, with- 
out obligation. Hundreds of standard 
for prompt terminal strips also listed. tao ae, 


quotation log, with engineering drawings and dato. 


JONES MEANS 
Proven QUALITY 


See New Developments at the 
WESCON SHOW, Booths 2703-04 


ONE MN Pe REE 


NCH MANUFACT RING CORPORAT 


1a ae) ARR FASTENER 
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to a change in part design. The prin- 
ciple of sectionalization can be applied 
to machine tool electrical control pan- 
els. One approach would be to use 
sectionalized and standardized plug-in 
control components, Those devices 
which control approach, feed, rapid 
return, and stop would be contained 
in a subpanel packaged unit. In the 
event of electrical trouble, the subpanel 
could be quickly removed and replaced 
by a spare plug-in unit. Adoption of 
package units in electrical control 
panels might mean that the size of the 
panel could be reduced. Relays could 
be placed closer together within each 
unit since space for trouble shooting 
on the job would no longer be required. 
Use of valves or solenoids requiring 
lower inrush currents would also re- 
duce panel size by reducing the sizes 
of the relays necessary to switch these 
loads. 

While plug-in subpanels are still in 
the proposal stage for machine tools, 
they are in actual use in control de 
vices for spot welding operations. 


Tuttle Cited for Redesign 
of Heater Assembly 


THE SPECIALLY DESIGNED open-coil heat- 
ing element and anticipator heater for 
home laundry equipment, illustrated, 
supplied by Tuttle Electric Products, 
Inc., Kirkland, Ill. has won for the 
company its first “Outstanding Supplier 
of the Month” plaque by the Home 
Laundry Department of General Elec- 
tric Co., Appliance Park, Louisville, 
Ky. The plaque is awarded to the sup- 
plier who has made the outstanding 
contribution through cost reduction on 
value analysis activity during a current 
month. Presentation was made in the 
Value Analysis Room in Appliance 
Park by H. B. Miller, general manager 
of the Home Laundry Department. to 
D. V. Tuttle, president of Tuttle Elec- 
tric Products, Inc. Selection was made 
from approximately 10,000 direct and 
indirect suppliers. The redesigned 
clothes dryer heater assembly, at a 
lower cost than its predecessor, was 
considered more durable and easier to 
install and maintain. O00 
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WESTINGHOUSE 
SILICON RECTI- 
FIER WN-5082, 
with maximum 
peak inverse volt- 
age ratings of 
50-400 v. (300 to 
5000 amperes in 
bridge assem- 
blies.) 


wr 
= 


WESTINGHOUSE SILICON RECTIFIER 
6-2-1-B BRIDGE ASSEMBLY 


Westinghouse SILICON” RECTIFIERS put 
more muscle in DC power converter! 


Successfully proven in rigorous welding, aircraft and guided 
missile applications, Westinghouse Silicon Power Rectifiers 
offer many advantages for power supplies. 


Used in the Westinghouse 50K W Power Converter to drive 
the boring mill above, the WN-5082 bridge assembly sup- 
plies greater power and higher efficiency in less space. The 
3-phase 60-cycle 440 v. power supply operates with a full 
load efficiency of 90% and an even higher half load effi- 
ciency. Regulation is approximately 8% from no load to 
full load with a Power Factor of 96 to 97. 


Especially rugged for varying duty cycles, the WN-5082 
withstands heavy loads of constant on-off operation, high- 
voltage transients, alternate heating and cooling. 


you CAN BE SURE...1F ITS 


Westinghouse 
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Westinghouse can supply single diodes or complete bridge 
assemblies built to your specifications. For full information 
on how Westinghouse Silicon Rectifiers can bring new 
efficiency and economy to your applications, mail the 
coupon today. 


WESTINGHOUSE ELECTRIC CORPORATION 
P.O. Box 868, Pittsburgh 30, Pa. 


Please send me data on the new Westinghouse WN-5082 
Silicon Rectifier. 


Please send me data on other Westinghouse Silicon 
Rectifiers. (Describe types or applications)___E 


OID 
(eS 
ADDRESS. 


ciITYy ZONE STATE 


Qe ane Gt ee ee ee ee 


siastinialienel a tigiishiiaeemancnionosimenanennenaianal 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bers-structurals«plates+ sheets & strip 
tubing « reinforcing, etc., « also machinery & tools 


Plants at New York + Boston *Wallingford, Conn. + Philadelphia * Charlotte, 
N. C. © Cincinnati + Cleveland + Detroit + Pittsburgh + Buffalo + Chicago « 


Milwaukee + St. Louis « Los Angeles + San Francisco * Spokane «+ Seattle 
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Dress Up Your Products 
with these 


Designed by Robert Podall 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 Ki. Monticello * Skokle, Ill. 
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Measurement of 
Resistor Temperature Coefficient 


(Continued from page 108) 


The initial set up of R, was 2 per cent in error and in 
like manner, the resulting TC is in error by the same 
amount. However, if the true TC value is desired without 
error, it can be computed based on the datataken in meas- 
urement. Normally, the correction factor is omitted from 
computation because of the small magnitude of the error. 
This difference between the reading at +25 C (300) and 
the midpoint (500) is +2 per cent. In practice, a spread 
of resistors to be checked generally lie within +1 per cent. 
Therefore, the error will be within 1 per cent, and since 
it is small, it is usually disregarded. A series of ten re- 
sistors are normally checked simultaneously in production. 

If a second check is made at +25 C, additional infor- 
mation is attainable. Suppose, using the example above, 
the second reading at room temperature is 320 instead 
of 300 ppm. This difference is very significant. It says 
that by subjecting the resistor to +-125 C for 30 min, 
the resistor has undergone a permanent change in re- 
sistance of 20 ppm or 0.2 per cent. This is a form of 
“temperature hysteresis”, commonly called “set.” If large, 
it is an undesirable characteristic. In the development of 
resistors, measurement of set is highly desirable, and its 
usefulness for production checking cannot be overempha- 
sized. 

This measuring system eliminates the edge decade error 
described earlier since the standard resistance setting re- 
mains constant regardless of whether the resistance is 
being read at the reference temperature or the test tem- 
perature. At the same time, the set (of resistance or TC) 
may quickly be determined. This arrangement also elim- 
inates the error due to poor contact in ratio arms. The 
system is advantageous in production testing where TC 
measurements are required in mass and cycling time is at 
a premium. 


A Laboratory Method of TC Measurement 


Temperature coefficient must be measured with high 
accuracy and reliability in the development of new prod- 
ucts. At IRC, a special laboratory arrangement is used 
where an accurate check of TC is desired. The method 
of maintaining temperature control is accomplished quite 
simply. Two temperatures are used, 0 and 100 C. Zero 
is maintained by using an ice-water bath. Into this ice- 
water container are placed 10 long test tubes of boro- 
silicate glass. Resistors for TC measurement are then 
placed within and successive resistance measurements are 
taken until the resistors have stabilized. Next the units 
are shifted from the ice-water bath to an oil bath at,100 
C. This bath consists of a large container holding high 
grade lubricating oil with a motor driven stirrer, two 
immersion heaters and a thermostat. The units are again 
inserted in test tubes held in a metal rack. With this 
arrangement temperature control can be maintained to 
better than 0.5 C. 

To summarize, the accuracy of TC measurement can 
be no greater than that of the test equipment. It is de- 
pendent upon the quality of temperature conditioning 
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THIS IS GLASS 


a bulletin of practical new ideas 


Fang et 
eee * 


: an 


UHL 
To take pressure readings from a jet 
engine sealed in a test cell, this man is 
using what may be the Gargantua of all 
manometers. 

A number of these mammoth man- 
ometers (each stands better than 2 times as 
tall as the average male) are used by Aro, 
Inc., operating contractor for the U. S. 
Air Force, Arnold Engineering Develop- 
ment Center, a collection of men and 
machines devoted to probing matters 
related to supersonic propulsion. 

Trimount Instrument Company of 
Chicago makes these king-sized instru- 
ments, the main component of which is 
glass tubing. 

This tubing is made from a Pyrex 
brand glass. And like all items carrying 
the Pyrex trademark, the tubing comes 
from Corning. 

Here’s why, according to the people at 
Trimount, they “‘take from’? Corning for 
their tubing needs: 

“We have found through years of experience 
that Pyrex brand tubing is the finest for our 
requirements, Corning draw it to our specifica- 
tions. For uniformity and extremely close toler- 
ances required in our instruments, as well as 
strength and rigidity under high pressures, we 
specify closely held 1.D. and O.D. tolerances. 
Also, the lengths required are important as we 
prefer not to use welded glass tubing..." 

Such praise seems ample evidence that 
turning to Corning for glass components 
is sound practice from both an engineer- 
ing and profit standpoint. 

Thusly, an invitation to consider and 
investigate at your convenience. Outline 
your needs and we'll put our people 
versed in your field to work. 

Or, peruse at leisure a recently issued book 
called “This Is Glass.”’ It's filled with facts and 
pictures about glass at work in products and 
processes. Free. 


Profitable pursuits from 

pipe dreams 

Pipe dreams being of an illusory and 
mostly impractical nature, we offer in- 
stead some dream pipe. 
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Having need for more precise terms, 
those in our office who write orders call 
this dream stuff Pyrex brand glass pipe. 

Admittedly, this mundane phrasing 
tells little about the many talents of such 
pipe. 

For example, it is eminently practical 
for unusual plumbing tasks, being equally at 
home handling waste acids of a corrosive 
nature or carrying milk from cow to 
bottle in modern dairy processing setups. 


Immune to corrosive attack from most materials, 
PYREX brand glass pipe is easily installed, car- 
ries waste acids safely and economically. 


Longevity is one of many trump cards 
you'll hold with a handful (figurative) of 
Pyrex pipe. Like? An actuarial-minded 
chap once estimated that a section of 
pipe will last some 203 years on a steady diet 
of hydrochloric acid. 

Equally valuable is the fact that you 
can keep constant visual surveillance 
over what’s being piped. If plug-ups 
occur, you can see where they are and 
get at them easily. 

Also yours with any item made from 
Pyrex brand glass No. 7740 is ruggedness 
from the standpoint of thermal shock. 
With a coefficient of expansion of 32.5 x 
10-7, you can safely use this glass for 
high heat environments and/or where 
abrupt temperature changes are common. 

Physical strength is also built in. Ex- 
ample: In a southern paper mill there’s a 
400 ft. installation of 3” (O.D.) Pyrex 
pipe handling a mercury amalgam. Obvi- 
ously, knowing men would never trust 
such an assignment to any material 
suspect of being frangible. 

There’s a lot more about Pyrex glass 
pipe in Bulletin EA-1. There’s a lot more 
about the Pyrex brand and other glasses 
in Bulletin B-83. Glad to send you either 
or both. 


from Corning 


Close finish 


During World War II considerable 
effort and experimentation were devoted 
to precision finishing for glass. 

Since then, little has been said but 
quite a lot done in this field. For ex- 
ample, Corning makes for one customer 
the impeller, housings, and bushings for 
an almost-all-glass pump. 

Made from Pyrex brand glass No. 
7740, these glass pump parts are pre- 
cision ground and finished to terrifically 
tight tolerances. 

Some of the other shapes and forms 
readily available with precision finishes 
are shown in this picture. 


And this table will give you some idea 
of the operations and tolerances on tap 
at Corning. 


Tolerances 
(inches) 


Operation 


Flat grinding and polishing _ + .006 5 
O.D. grinding .0002 
Internal grind, Step grooves, 
Angles and Tapers +.0005 
+ .005 


+ 001 


Circular Holes 
Rectangles, Squares, etc. 
Tubing, cylinders, rod, ground and 
polished discs and rectangles these 
and many, many other glass forms await 
your investigation. 
If you have some tight problem already 
at hand, brief us and we'll advise on the 
practicability of supplying you with a 
glass product to do the job 


| ——— Concieg mann wassnccl ie Flas -——-———— == 


CORNING GLASS WORKS, 


Please send me the following material: “This ls Glass" [-]; EA-1—““PYREX brand Glass Pipe 


in the Process Industries” [_]; B-83—“Properties of Selected Commercial Glasses” C). 


Name 
Company 
Street 


City 
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59-8 Crystal Street, Corning, N.Y. 


Title 
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AMPERITE 


RELAYS and REGULATORS 


STI ti Me rae elle MUS eer LTC) 





Thermostatic 


DELAY RELAYS 


2 to 180 Seconds 


e@ Actuated by a heater, they 
operate on AC., D.C., or 
Pulsating Current. 


@ Hermetically sealed Not af- 
fected by altitude, moisture, 
or other climate changes. 


@ Circuits: SPST only — nor 
mally open or normally 
closed. 


Amperite Thermostatic Delay 
Relays are compensated for 
ambient temperature changes 
from —55° to +70°C. Heaters 
consume approximately 2 W. and may be 
STANDARD operated continuously. The units are most 
compact, rugged, explosion-proof, long- 
PROBLEM? Send for lived, and — very inexpensive! 
; TYPES: Standard Radio Octal, and 9-Pin 
Bulletin No. TR-81 Miniature. 


MINIATURE 


Also — Amperite Differential Relays: Used for auto- 
matic overload, under-voltage or under-current protection. 


BALLAST REGULATORS 


Amperite Regulators are designed to keep the current in a circuit 

automatically regulated at a definite value (for example, 0.5 amp.) 

For currents of 60 ma. to 5 amps. Operate on A.C. D-C.. Pul- 
sating Current. 



















Hermetically sealed, they are not 
affected by changes in altitude, 
ambient temperature (— 55° to 
+90° C.), or humidity. Rugged, 
light, compact, most inexpensive. 


VOLTAGE OF 24V ' WITH AMPERITE 


BATTERY 6 CHARGER | VOLTAGE VARIES 
VARIES APPROX 


90% 





Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. 
561 Broadway, New York 12, N.Y 
Telephone: CAnal 6-1446 


in Canada: Atlas Radio Corp., Ltd. 
50 Wingold Avenue, Toronto 10, Ontario 


and double-checking 
assures top quality 
of Amperite products. 






312 Circle 324 on page 17 


equipment and upon the resistance measuring device used. 
The resulting TC will be limited by these two items and 
by the techniques or care used in measurement. © O C 
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Design Procedures for 
Special Type Transformers 


(Continued from page 127) 
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50.44+ 13 = 63.4C 
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or K6, 
Primary—0.9 X 50 = 45 C 
Secondary—0.8 X 50 = 40C 


teurg = ta + Osurs 
85 + 63.4 = 118.1C 


t, = ferans + Oh 
= 148.4 4+ 50 = 198.4C 


b.-= deen + Gove 
Primary—148.4 + 45 = 193.4C 
Secondary—148.4 + 40 = 188.4C 
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TESTS BY REMINGTON RAND PROVE... 


Du Pont MYLAR’ provides 





‘*“MYLAR” offers a unique 
combination of properties 
valuable for electrical design 





HIGH TENSILE STRENGTH. “Mylar’ 
is the strongest plastic film. Instron tester 
shows an average strength of 20,000 lbs. psi 





HIGH DIELECTRICSTRENGTH. Aver 


age of 4,000 volts per mil. . . average power 


factor of 0.003 at 60 cycles . . . dielectric 
constant above 3.0 at 72°F., 1,000 cycles. 





THERMAL STABILITY. Tests prove 
““Mylar” has an effective operating range, 
m= -80°F. to 300°F....won’t brittle with age. 


greater reliability, 


longer life for capacitors used in Univac’ 


PROBLEM: The Remington Rand 
Division of the Sperry Rand Corp. 
had to find a capacitor of high reli- 
ability that could meet the require- 
ments of extra-sensitive circuits 
found in UNIVAC* Data Automation 
Systems. 

SOLUTION: In a series of accelerated 
tests by Remington Rand, various 
types of capacitors were exposed to 
conditions more exacting than those 
found in normal operationof UNIVAC 


2£6.u.s. Pat OFF 


BETTER THINGS FOR BETTER LIVING 
. THROUGH CHEMISTRY 


DU PONT 


MYLAR 


POLYESTER FILM 
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Systems. These tests proved that ca- 
pacitors made with ‘“‘Mylar’’+ poly- 
ester film offered greater reliability 
and longer life, with an extra margin 
of safety in moisture resistance. The 
tests documented the fact that 
*“Mylar’”’ provides excellent insula- 
tion resistance at high temperatures 
... “Mylar”? does not deteriorate 
with age or voltage stresses within 
normal operating ranges. 

RESULTS: By using capacitors made 
with “‘Mylar’’, Remington Rand has 


*UNIVAC is a registered trademark of Sperry Rand Corporation 

t“MYLAR” is Du Pont’s registered trademark for its brand of polyester film. 
E. Il. du Pont de Nemours & Co. (Inc.) 
Film Dept., Room EM-8, Wilmington 98, Del. 


eae =e 


Application 
Name 
Company 
Address 
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Please send your booklet listing properties, applications and 
types of ‘‘Mylar”’ polyester film available (MB-11). 


improved the performance of another 
component in UNIVAC Systems... 
has helped improve the performance 
of UNIVAC Systems themselves. 
HOW CAN ‘“‘MYLAR” HELP YOU? 
Whether you make guided missiles 
or tiny components, it will pay you to 
investigate the unique advantages of 
using ““Mylar’’ film . . . or products 
made with “‘Mylar’’. Send for a copy 
of our new booklet containing de- 
tailed information on properties and 
applications. 





| 

| 

l 

| 

! 
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| 

| 

St | 
‘ate | 











Certainly! 


It was there, in the ground, in the air and water. It 
always had been. There are no more “raw materials” 
today than there were when Rome ruled the world. 

The only thing new is knowledge. . . knowledge of how 
to get at and rearrange raw materials. Every invention 
of modern times was “available” to Rameses, Caesar, 
Charlemagne. 

In this sense, then, we have available today in existing 
raw materials the inventions that can make our lives 
longer, happier, and inconceivably easier. We need only 
knowledge to bring them into reality. 

Could there possibly be a better argument for the 
strengthening of our sources of knowledge—our colleges 
and universities? Can we possibly deny that the welfare, 
progress—indeed the very fate—of our nation depends 
on the quality of knowledge generated and transmitted 
by these institutions of higher learning? 

It is almost unbelievable that a society such as ours, 
which has profited so vastly from an accelerated accumu- 
lation of knowledge, should allow anything to threaten 
the wellsprings of our learning. 


Sponsored as a public service 





= Atomic power in Caesar’s day? 





Yet this is the case 


The crisis that confronts our colleges today threatens 
to weaken seriously their ability to produce the kind of 
graduates who can assimilate and carry forward our 
rich heritage of learning. 

The crisis is composed of several elements: a salary 
scale that is driving away from teaching the kind of 
mind most qualified to teach; overcrowded classrooms; 
and a mounting pressure for enrollment that will double 
by 1967. 

In a very real sense our personal and national progress 
depends on our colleges. They must have our aid. 

Help the colleges or universities of your choice. Help 
them plan for stronger faculties and expansion. The 
returns will be greater than you think. 


If you want to know what the college»! 
crisis means to you, write for a free book- >; \= 
let to: HIGHER EDUCATION, Box 36, ~Y 


HIGHER EDUCATION 


Times Square Station, New York 36, 
New York. 


KEEP IT BRIGHT 





, in cooperation with the Council for Financial Aid to Education 
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ANOTHER by ACHIEVEMENT 


A resilient insert 
rack and panel connector 


Here is the new and improved Bendix Type SR rack and 
panel electrical connector with outstanding resistance to 
vibration. The low engagement force of this connector gives 
it a decided advantage over existing connectors of this type. 

Pressurization is easily accomplished. The resilient inserts 
press firmly against the shell wall holding the contacts in 
exact position. Insert patterns are available to mate with 
existing equipment in the field. 


a 
| 
a 
am | 
mn | 
| 
a | 






OUTSTANDING FEATURES 


Resilient Insert ¢ Solid Shell Construction e Low Engagement 


Adding to the efficiency of this rack and panel connector Forces ¢ Closed Entry Sockets © Positive Contact Alignment 
is the performance-proven Bendix “‘clip-type” closed entry Contacts — heavily gold plated « Cadmium Plate—cleor 
socket. irridite finish © Temperature range —67° to +250°F. e 


° ° . ‘ Easily Pressurized to Latest MIL Specificati 
Here, indeed, is another outstanding Bendix product that are cpa a ta > — 


should be your first choice in rack and panel connectors. 


= SCINTILLA DIVISION of “Ge : 
OT ae SIDNEY, NEW YORK end 
Export Sales and Service: Bendix international Division, 205 East 42nd St., New York 17, N. Y. 


FACTORY BRANCH OFFICES: 
117 E. Providencia Ave., Burbank, Calif. e Paterson Building, 18038 Mack Ave., Detroit 24, Mich. « 545 Cedar Lane, Teaneck, N. J. e 5906 North Port Washington Rd., Milwaukee 17, Wisc: 
Hulman Building, 120 W. Second St., Dayton 2, Ohio ¢ 2608 Inwood Road, Dallas 19, Texas « 8425 First Ave., South, Seattle 8, Washington « 1701 “K” Street, N.W., Washington 6, D. C 
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FIXED txancuo RESISTORS 


As the world's largest producers of wire-wound resistors, we offer the 






finest quality . .. the fastest service from stock or to specifications .. . 

and the assurance that you are receiving the best value in vitreous 

enameled resistors. We always ship on time 
FIXED VITREOUS ENAMELED RESISTORS are available from 3 watts to ...and we expedite for you 
200 watts ... with a large variety of special mountings. 


The next time you need resistors, send us your requirements and find 
out why we are growing so rapidly ... are truly the TOP line in the 
world! Our latest catalog is available upon request. 


Division of 
PRODUCT Model Engineering 

& Mfg., Inc. 
General Sales Office: 2800 N. Milwaukee Avenue, Chicago 18, Ill. 


Factory: Huntington, Indiana 





MANUFACTURERS: Power Rheostats, Fixed Resistors, Adjustable Resistors, “Econohm" Resistors, "Tru-rib” Resistors 
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Strip TEFLON® 


INSULATED WIRE 


with EASE and 
PRECISION 





TEFLON HAND 
STRIPPER 


It is now possible to strip Teflon insulation from 
#10 to #26 wires, quickly and accurately—with 
no damage to conductor, no marking of insulation. 
IDEAL’S new Stripper features “Concentric Hole” 
blades and specially designed jaws that make Teflon 
as easy to strip as any other type of insulation. 


Reduces waste and rejects! Nicking and scraping of 
conductor are virtually eliminated because blades 
are precision drilled on watchmaker’s equipment to 
the exact size of the wire. Greater contact area and 
fine serrations of jaws provide extreme holding 
power, permitting insulation to pass the most rigid 
inspection standards — where marking and grooving 
must be kept to a minimum. 


Speeds production! Automatic one-squeeze action makes 
Teflon stripping a “lightning-fast” operation for 
anyone. Just insert wire between blades to desired 
length, squeeze handle and release. Jaws snap back 
into position, ready for next strip. 


*TEFLON is a registered trade name of E. |. dsPONT deNEMOURS & CO. 
Two additional features (optional) 


SHORT STOP 
LATCH —limits 
Stripping stroke 
to a ximate- 
ly $/32”. Insu- 
: lation “slug” 
remains on wire, protecting strands. 
Latch may be. disengaged to allow 
full 7/8” stroke. 





Sold Through America’s Leading Distributors. 
in Canada: Irving Smith, Ltd., Montreal. 


IDEAL INDUSTRIES, INC. (DEAD 
1008-H Park Avenue, Sycamore, Illinois =—— 


Please send me full catalog data on Teflon 
Hand Stripper. 


III ceases teeiiimtnainterasieriaieaiesanita 
Company 
a 
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Beckm an | Berkeley 
NEWS / NOTES 


Free 
Data File 


#10 





HOW TO USE WWV 


Provides detailed descriptions and 
block diagrams of techniques for 
using the broadcasts from National 
Bureau of Standards Stations, WWV 
and WWVH for the precision cali- 
bration of frequency measuring 
and generating equipment, time 
signals and audio pitch 


Write today for your free copy; 
please address Dept. R-8. 







Beckman’: ae 
Berkeley Division 


2200 Wright Avenue, Richmond 3, California 


137 
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FHP motors... engineered 
especially 
for your 
product 


The new RAE M-20 or M-100 Motor. Ven- 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting. 
Ball or sleeve bearings. Can be used with 
ony of RAE's geor units. 
Winding — 
M-20 — Universal or Shunt 
M-100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt t 
Max. H. P. — 1/30 Continuous m ° ° r s 


Weight — Approx. 2 ibs. 





RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product, they can save you time 
and money in selecting the right motor 

RAE offers outstanding service and quality in a 
large variety of motors. Available in voltages up to 
250, and up to 1/6 H.P. (higher for intermittent 
duty) with many gearhead motor combinations. 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers. 

*Send for the *‘RAE"’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 


AC/DC Universal * DC Shunt Wound « 
DC Series Wound * Gear Reduction 
a@ MOTOR CORP. Motors * Governor Controlled Motors ¢ 


Motors for Rheostat Control * Motors for 
veel Caer alt Meet Electronic Control * Permanent Magnet 
Racine, Wisconsin Motors and Gearmotors. 
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Unique combination of components in 












’ GERMANI 
| RECTI 


DC SOLAVOLT, shown partly disas- 
sembled here, has major components 
identified. It is designed for relay-rack 
mounting on a standard, 19” frame or 
for bench use. Removable handles, for 
convenience when portability for bench 
use ts desired, are available as accessory 
equipment. 


adjustable “DC Solavolt” regulated power supply 
reduces conventional size, weight, and cost 


Compact size, low weight, high efficiency, and mod- 
erate price distinguish the new “DC Solavolt” from 
conventionally-designed, regulated, adjustable dc power 
supplies. These outstanding advantages have been 
secured by using a unique assembly of components 
(shown above) that occupy only 7” of height and 121/,” 
of depth on a standard, 19” relay rack frame. 

Along with design simplicity, the ““DC Solavolt” pro- 
vides laboratory standards of performance: 

OUTPUT VOLTAGE REGULATED WITHIN =+1% at full 
load with supply voltage variations up to 15%. 
(Regulation within +1.5% at 50% load and lowest 


voltage setting.) 


DC POWER SUPPLIES 


CONSTANT VOLTAGE TRANSFORMERS © LIGHTING TR 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, ao: Bishop 2 








RIPPLE VOLTAGE HELD WITHIN 0.10% (rms) at full 
load and nominal input voltage. 

An important feature of this adjustable dc power 
supply is its ability to handle transient or “‘pulse’”’ loads 
of up to twice the full load rating of the supply. The 
“DC Solavolt” has no tubes to replace, requires no 
“compensating” or “‘zero” adjustments, and needs no 
maintenance. 

Six stock models provide outputs adjustable in volt- 
age ranges between 5 and 400 volts and load currents 
up to 7 amperes. Your local electronic distributor now 
has the “DC Solavolt” in stock. He will be happy to 
give you further, technical information. 


Write for Bulletin 6H-DC-245 
See this equipment at WES- 
CON, Sola Booth 2610 





ANSFORMERS e ¢o sent VOLTAGE DC POWER SUPPLIES 
-1414 © BRANCH 
.; San Francisco, Calif.; ee ae Conn. © Representatives in Other P Principal Cities 
Sola Electric (Canada) Ltd., Toronto 17, Ontario: 102 Le 


ICES: Boston, Mass.; Cleveland, Ohio; Konsas City, 


jird Drive, Mayfair 4554 





















If you’re the man 
whose product needs 
this Tung-Sol Relay - 
then it’s you I’m | 
| exploring for 


Tung-Sol produces a line of thermal relays in the 
general operating range characterized by the Type 
609. Snap action contacts and extremely sensitive 
actuating heater elements provide uniform cycling. 
O 7 principle permits manufacture of time delay 
relays and relays which function on small differential 
of voltage and current. Compact and lightweight, 
Tung-Sol relays are ideal for instruments and ihe. 
trical equipment application. 


NOMINAL DESIGN CONSIDERATIONS 
Contact capacity 1 amp 30 volt resistive 
Contact arrangement SPST (NC) or SPDT 
Operating power As low as 2 watt 
Time delays Up to 5 seconds 


Operate on current differential as small as .05 amps 
Operate on voltage differential as small as .3 volts 


NOMINAL CHARACTERISTICS OF 609 
Operating voltage... ...cseeeeeeeees 6.4 volts 
Operating time....... 1. plus or minus .5 seconds 
Release time......... 1. plus or minus .5 seconds 
Contact capacity 1 amp at 30 volts 
Contact arrangement 

For additional data write: 

Electroswitch Division, Tung-Sol Electric Inc., Newark 4, N. J. 
Sales Offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, 


Tex.; Denver, Colo.; Detroit, Mich.; Irvington, N.J., Melrose Park, Ill.; 
Newark, N.J.; Philadelphia, Pa.; Seattle, Wash. Canada: Montreal, P. Q. 


® TU N G-SOL THERMAL 


RELAYS 
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BEAVER 


GROUND THREADS 


UP TO 8” LENGTH 
PRECISION TOLERANCES 
SMALL AND MEDIUM-SIZE WORMS, 
LEAD SCREWS, ETC. 

PITCHES —12 TO 72 
VEE — ACME — WORM THREADS 
ALL STANDARD HARD OR SOFT STEELS 
STAINLESS — BRONZE — ALUMINUM 


Send Prints for Quotation 


THE ee Fate IN GEARS 
Beaver Gear Works Sue. 


1035 Parmele St., Rockford, Ulinois 


Circle 334 on page 17 


Reader 
Inquiry 
Service 


e If whatever ponies anywhere in this is- 


sue, either in the editorial or advertising 
ages, stimulates a desire for additional in- 
ormation, it is only necessary for readers to 
record their interests on any one of the post- 
cards on page 17 in this issue, in the 
manner suggested. The publisher will func- 
tion for readers, immediately contacting the 
sources for the data requested, or forwarding 
reprints. 
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Your customers 
may need this drive... 


TO AUTOMATE YOUR MOTOR DRIVEN PRODUCTS... 
GIVE THEM PRECISE, VARIABLE SPEED CONTROL... 


P erformance-R ated° 
e SELECTIVE 
cotiedat SPEE. SREIVE 


STATION 

How many of your customers could use the full potential of your 
product when given automatic operation by a Century Selective 
Speed Drive? Possibly more than you think. 

Here’s why. Predetermined, automatic manufacturing operations 
are faster, more accurate than manually controlled operations. A 
Century Selective Speed Drive on your product will respond to 
changes in operations—such as varying temperature, pressure, 
size, viscosity —and automatically adjust motor speed to fit the job. 
Operating from AC, these drives offer a broad range of DC stepless 
speed control. They can regulate speed for individual drives or for 
precision interlocked multi-motor drives ...can be used for jog- 
ging, normal or fast starts and stops, forward or reversing... 
and respond to a wide variety of remote control devices. 

Century has more than 50 years’ experience in engineering DC mo- 
tors. For information on any motor application. call or write your 
nearby Century District Sales Office or Authorized Distributor. 


POWER UNIT 


Performance -R ated © 
MOTORS 
1/20 to 400 H.P. 


1806 Pine Street * St. Lovis 3, Missouri Offices and Stock Points in Principal Cities 


AUGUST 1957 Circle 335 on page 17 319 





the rig 


For many years, General Electric has helped 
leading manufacturers solve product wiring 
problems. This experience in developing wires, 
cables, and cords as important product com- 
ponents, has resulted in a line so comprehen- 
sive and flexible in meeting application 
requirements that it has become the standard 
for many design engineers. (A few of the many 
types available are shown here.) And, where 
special constructions may be needed, product 


ek 


General Electric’s full line 


designers can call on General Electric engi- 
neers for assistance in meeting out-of-the- 
ordinary wiring needs. 

Write for your free copy of “G-E Wires, 
Cables and Cords for Product Designers.” 
Address Section W210-872, Wire and Cable 
Department, General Electric Company, 
Bridgeport 2, Connecticut. 


*Registered Trade-mark General Electric Company 
**Trade-mark General Electric Company 


Progress Is Our Most Important Product 


GENERAL @@ ELECTRIC 


ELECTRICAL MANUFACTURING 


Jit @A 





SUPPLY CORDS 


Types SO, SJO, S, SJ, SV—Resistant to oil, water, acids, alkalies 
and heat. Available for light, medium, or heavy duty on house- 
hold appliances, office machines, portable tools and for use in 
extreme conditions such as garages, packing houses, chemical 
plants, etc. 

Type SP—For light-duty applications in damp locations and for 
floor lamps, clocks, radios, etc. 

PREENX* heater cord—Outwears fabric-type cords. Water-, 
oil-, and grease-resistant. 300 volts, for 90 C service. 

Type SPT rip cord—For table and floor lamps, radios, fans, 
and other small devices. Smooth, attractive, long-wearing finish. 
Type SPT-3 Flamenol* — Parallel power supply cord with 
grounding conductor — The amazing new extra-slim, flexible 
power supply cord for refrigerators, air conditioners, de- 
odorizers, etc. (Cross-section only 2” x %”.) 


APPLIANCE AND FIXTURE WIRE 


Flamenol appliance and fixture wire—For general internal 
or external wiring of lighting and similar fixtures, and internal 
wiring of radios, refrigerators, washing machines, and the like. 
Flamenol appliance wire—For wiring appliances where high 
temperature rating is required. 600 volts, not exceeding 90 C 
and 105 C. 

Silicone rubber appliance and fixture wire—For sun lamps, 
therapeutic devices, and other high-wattage units. 600 volts, 
200 C maximum copper temperature. 

Deltabeston* appliance wire—Available with smokeless or 
moisture-resistant insulation. 

Deltabeston appliance lead wire—Recommended for use on 
appliances such as sterilizers, etc., where heat is a problem. 
Deltabeston fixture wire—For all types of interior lighting 
fixtures and other high-wattage units such as sunlamps, etc. 
Deltabeston range wire—An improved appliance lead wire 
designed for increased dielectric strength and moisture resis- 
tance. 300 volts, 125 C. 


MAGNET WIRE 


Alkenex** wire—Insulated with a heat-resistant film that per- 
mits lighter, more compact motors... raises motor ratings as 
much as 25%. Temperatures up to 150C, exceeding Class B 
requirements. 

Formex* wire—Designed for motors, coils, and other windings 
where space is at a premium and resistance to moisture, fumes, 
and abrasion is required. Class A, temperatures up to 105 C. 
Deltabeston wire—For winding motors, lifting magnets, brake 
coils, generators, etc., subject to high-ambient temperatures 
and intense operating heat. Class B, temperatures up to 130 C. 


APPARATUS LEADS 


Flamenol machine tool wire—Small diameter, color coded, 
acid-, and oil-resistant. (90 C in air, 60 C in water, oil or coolant; 
600 volts.) 

Silicone rubber apparatus leads—Class H—For high-temper- 
ature application where flexibility is required, such as motor 
and transformer leads. 600 volts, 200 C. 

Geoprene* motor leads—For fractional hp motors, coils, bal- 
lasts, etc., particularly for use where wire must stand elevated 
temperatures. 

Deltabeston switchboard wire—Will resist heai, flame, oil 
and corrosive vapors. 
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Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 








ACTUATORS, BALL-SCREW 


Saginaw Steering Gear Div., General 
Motors Corp., Saginaw, Mich 

ADHESIVES 

Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa 

Armstrong Cork Co., 7007 Ingersol, Lan- 
caster, Pa 

Durez Plastics Div., Hooker Electro- 
Chemical Co., 1308 Walck Rad, N. 
Tonawanda, N. Y. 

Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean, N. Y 


Johns-Manville, Dutch 


Brand Products, 
7800 Woodlawn Ave., 


Chicago 19, Ill. 


Koppers Co., Inc., Chemical Div., Kop- 
pers Bidg., Pittsburgh 19, Pa 

Minnesota Mining & Mfg Co., Bilectrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn 

ALUMINUM. See also Castings. 

Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa. 

Aluminum Goods Manufacturing Co., 
Manitowoc, Wis. 

Hunter-Douglas Aluminum Corp., Dept 
EM-8, Riverside, Calif. 


Kaiser Aluminum and Chemical Sales, Inc., 
1924 Broadway, Oakland 12, Calif 


Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 


Reynolds Metals Co., P.O. Box 1800-ED, 
Louisville 1, Ky 
AMMETERS. See Instruments. 


AMPLIFIERS, ELECTRONIC 
Aerovox Corp., New Bedford, Mass. 


Bristol Co., Waterbury 20, Conn. 

General Blectric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Kearfott Co., Inc., 1378 Main Ave., 
Clifton, N. J 

Leach Relay Div., Leach Corp., 5915 
Avalon Bivd., Los Angeles 3, Calif. 

Librascope, Inc., 808 Western Ave., Glen- 
dale 1, Calif 


Magnetic Amplifiers, Ine., 
New York 55, N. Y 
Nothelfer 


632 Tinton Ave., 


Winding Laboratories, P. O. 
Box 455, Dept. 101, Trenton 3, N. J. 
Sanborn Co., 175 Wyman, Waltham 54, 
Mass 
Servomechanisms Inec., Mechatrol Div., 17 
Brooklyn Ave., Westbury, LI, N.Y. 
Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J 
Southwestern Industrial Electrenics Co., 
2831 Post Oak Rd., P. O. Box 13058, 
Houston,. Texas 
Transicoil Corp., Worcester, Montgomery 
County, Pa 
United Transformer Co., 150 Varick, New 
York 13, N. Y 
Vickers Electric Div., Vickers Inc., 1803 


Locust, St. Louls 8, Mo. 


Westinghouse Electric Corp., Gateway Cen- 


ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa 
Weston Electrical Instrument Corp., A sub 








of Daystrom Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 

ANODES, PLATING 

American Brass Co., Waterbury 20, Conn 

American Platinum Works, 231 New Jersey 
Railroad Ave Newark 5, N. J 

6 & Co., In 113 Astor, Newark 5, 

J 

Conte Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

General Plate Div Metals and Controls 
Corp 1908 Forest, Attleboro, Mass. 
(Silver, Gold) 

Handy & Harman, 82 Fulton, New York 
38, N. Y. (Silver, Gold) 

Hussey & Co., C. G., Pittsburgh 19, Pa 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. ¥ 


Seymour Maufacturing Co., Seymour, Conn 


ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos. 


AUTOMATION EQUIPMENT 


Stromberg-Carison, A Div. of 
Dynamics Corp 117 
Rochester 3, N. Y¥ 


Genera! 
Carison Rd., 


322 


BALANCING MACHINES 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 
Micro Balancing, Inc., Rd., 
Garden City Park, N. Y. 

Westinghouse Electric Corp., Gateway Oen- 
ter Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Herricks 


BALLS, BEARING 
Hoover Ball & Bearing Co., 326 E, Hoover, 


Ann Arbor, Mich. 
SKF Industries, inc., Philadelphia 32, P 


BATTERIES, DRY 

Mallory & Co., 
6, Ind, 

National Carbon Co., Inc, A Dir. of 
Union Carbide & Carbon Corp., 50 E. 
42nd. New York 17. N. Y¥ 

RCA Blectron Tube Div., Radio Corp. of 

America, Harrison, N. J. 


Inec., P. BR. Indianapolis 





BATTERY ELIMINATORS. 
Supply Units; Rectifiers. 


See Power 


BEARINGS, BABBITT 


Ryerson & Son, Inc. Joseph T., Chicago 
80, Ml 

BEARINGS, BALL (Miniature) 

New Departure Div. of General Mutors 
Corp., Bristol, Conn. 

New Hampshire Ball Bearings, Inc., Peter- 
borough, N. Hi. 

United States Gasket Co. Plastics Div 
of The Garlock Packing Co., Camden 
LL = 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Hoover Ball & Bearing Co., 326 E. Hoover, 
Ann Arbor, Mich. 

New Departure Div. of General 
Corp., Bristol, Conn. 

Nice Wall Bearing Cc., 30th & Hunting 
Park Ave., Philadelphia 40, Pa 

SKF Industries, Inc , Philadelphia 82, Pa 


Motors 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 


Anon Div., Chrysler Corp., Detroit 31, 
Mich. 
Inc., 9540 Tulley Ave., Oak 


Radio Cores, 
Lawn, Ill 
United States Graphite Co., 1621 Holtand, 


Saginaw 8, Mich 


BEARINGS and SUSHINGS, METAL 
(Brass, Bronze, Steel Ete.) 

American Crucible Products Co., 1365 
Oberlin Ave., Lorain, Ohio 

Amplex Div, Chrysler Corp., Detroit 
31, Mich 

Chase Brass & Copper Co., Sub. of Ken- 


necott Copper Corp., 
Mallory 

6, Ind 
United States Graphite Co., 

Saginaw 8, Mich 


Waterbury 20, Conn 
& Co., Inc., P. R., Indianapolis 


1621 Holland, 


BEARINGS and BUSHINGS, 
NON-METALLIC 


General Electric Co., Plastics Dept., De- 
N sataned ein Co., Inc., A Div of Union 

Carbide Por, 30 E, 42nd. New York 
=. _. Vulcanized Fibre Co., Wilming- 
Radio ‘Cores, Ine., 9540 Tulley Ave., Oak 
bittenbsie Oe. 2799 Lake, Melrose Park, 
ae Inc., Joseph T., Chicago 
soauiding Fibre Co., Inc., Tonawanda, 


Westinghouse Electric Corp., Gateway Cen- 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 


burgh 30, Pa. 

BELLS 

Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson Rd., 


Rochester 3, N. Y. 


Wheelock Signals, 


Inc., 273 Branchport 
Ase... . 


Long Branch, N. J 
BELT DRIVES. See Drives, Belt. 


BENDERS, BRAKE and SHEARS 


Ryerson & Son, Inc., Joseph T., Chicago 80, 
Il. 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 


Beryllium Corp., Reading, Pa. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Penn Precision Products, Inc. 


, 501 Crescent 
Ave., Reading. Pa. 


(Strip) 


Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc., Riverside, N. J. 
BIMETALS. See Thermostatic Bimetals. 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 
BLADES, FAN 


Torrington Manufacturing Co., Torrington, 
Conn 


BLOCKS, PILLOW 


SKF Industries, Inc., Philadelphia 32, Pa. 


BLOCKS, TERMINAL. See Strips, Blocks 
and Boards, Terminal. 


BLOWERS. See Fans and Blowers. 


BOLTS. See Fasteners. 


BOXES METAL. See Sheet Metal Fabri- 
cators 


BRAKES, BENDING. See Benders, Brake 
and Shears. 


BRAKES, MAGNETIC 
Cutler-Hammer Inc., 1264 St. 


Milwaukee 1, Wis 
Eaton Mfg. Co., Dynamatie Div., 
Kenosha, Wis. 


Fourteenth Ave., 
120 N. Broadway, 


Paul Ave., 
3307 


Stearns Electric Corp., 
Milwaukee 2, Wis 
Warner Electric Brake & Clutch Co., 

Dept. EM Beloit, Wis. 


BRASS, BRONZE and COPPER (Ali 


Commercial Forms) For Wire, see Wire 
and Cable, Bare. 


American Brass Company, Waterbury 20. 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Ill. (Pre- 
Finished Brass and Copper Sheet and 
Strip 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Driver Co., Wilbur B., 1875 Mc Carter 
Highway, Newark 4, N. J. 

Hussey & Co., C. G., Pittsburgh 19, Pa 


Iiseo Corp., 5745 Mariemont Ave., Cin- 
imnati 27, Ohio (Copper Tubing) 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (CR-CW Strip) 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 


Somers Brass Co., Inc., 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 


BRAZING ALLOYS, SILVER 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J, 

aoe, Co., Inc., 113 Astor, Newark 5, 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

General Plate Div., Metals and Controls 
Corp., 1908 Forest, Attleboro, Mass. 

mete & Harmon, 82 Fulton, New York 
38.N.Y 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

Ney Co., J. M., P. O. Box 990, Hartford 1, 
Conn. 


BRONZE. See Brass, Bronze and Copper: 
Phosphor Bronze 


BRUSH CAPS 


aaypeest Molding & Mfg. Co., Gurnee 96, 

l 

Phoenix Blectric Mfg. Co., 4211 W. Lake. 
Chicago 24, IIL. 


BRUSHES: CARBUN, GRAPHITE, 
METAL-GRAPHITE 


National Carbon wo., Inc., A. Div. @ 
Union Carbide Corp., 30 E. 42nd, New 
York 17, N. ¥ 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys. 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wilson Co., H. A., Route 22, Union, N. J. 


BRUSH HOLDERS See Holders, 
Commutator Brush. 


Pa. 


BUSHINGS 
Bearings. See Bearings and Bushings. 
Composition. See Plastics Molders. 
Fibre. See Fibre, Vulcanized. 
Glass. See Glass, Technical. 
Hermetic Seal. See Seals and Terminals. 
Hermetic. 
Mica. See Mica. 
Porcelain. See Ceramics. 


Rubber. See Rubber and Rubber Prod- 
ucts. 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators. 


CABLE. See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES. 
See Harnesses and Assemblies, Wire. 


CAMBRIC, 
Insulating. 


VARNISHED. See Fabrics, 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 

Aerovox Corp., New Bedford, Mass. 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Centralab, Div. of Globe-Union Inc., 
914 E. Keefe Ave., Milwaukee 1, Wis. 

Chicago Condenser Corp., 3255 W. Armi- 
tage Ave., Chicago 47, IIL. 

Cornell-Dubilier Electric Corp., South 
Plainfield, N. J 

Corning Glass Works. Technical Products 
Div., Corning, N, Y. (Metallized Glass) 

Pitel-McCullough, Inc., San Bruno, Calif. 

Erie Resistor Corp., Electronics Div., Erie 


Pa. 

Fanstee] Metallurgical Corp., North Chi- 
cago, Til... (Tantalum) 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. ¥ 


Johnson Co.. E. F., 2881 Second Ave., 
S. W., Waseca, Minn. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 


Master Appliance Mfg. Co., Racine 2, Wis. 

Radio Condenser o. Davis & Copewood, 
Camden 3, N. J. 

Sangamo Electric Co., Electronic Compo- 
nents Div., Springfield, tll 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Stackpole Carbon Co., St. Marys. Pa. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


CAPS 


Protective 
Dir., 
i A 


and PLUGS, PROTECTIVE 


Closures Co., Inc., CaPlugs 
2201-3 Elmwood Ave., Buffalo 23, 


CARBON and GRAPHITE: 
Electrodes, Anodes, Bearings, 
Piles, Plates, Plungers, Rings, 
etc.) 


Erie Resistor Corp., 


(Contacts, 
Dises, 
Seals, 


Electronics Div., Erie 


Pa. 
General Ceramics Corp.. Keasbey, N. J 
Speer Carbon Co., St Marys. Pa. 


Stackpole Carbon Co., St. Marys. Pa. 

United States Graphite Co., 1621 Holland, 
Saginaw, Mich. 

CASTINGS. ALUMINUM and 
MAGNESIUM. See also Castings, Die 


Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

Twin City Die Casting Co., 33rd & Talmage 
Ave,, S. E., Minneapolis, Minn. 


CASTINGS, BRASS, BRONZE, COPPER 


Philadelphia Bronze & Brass Corp., Sub. 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 


CASTINGS, DIE. 


Aluminum Co. of Ameriea, Alcoa Bidg., 
Pittsburgh 19, Pa. 

Doehler-Jarvis Div. of National Lead Co., 
Toledo 1, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. (Zinc) 

Hoover Co.. Die Casting Div., North 
Canton, Ohio 

Madison-Kipp Corp., 214 Waubesa, Madi- 


son 4, Wis. 

New Jersey Zine Co., 160 Front, New 
rs 38, N. Y¥. (Zine Die Casting Al- 
oys 

Stewart Die Casting, A Div. of Stewart 
Warner Corp., 4535 W. Fullerton Ave., 
Chicago 39, Il. 

Twin City Die Casting Co., 33rd & Talmage 


Ave., S. E., Minneapolis, Minn. 
CASTINGS INVESTMENT 
Allis-Chalmers, Milwaukee 1, Wis. 
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Associate Engineer Donald A. Patterson dem- 
onstrates a problem in pluggable unit layout. 


You'll find a 
new challenge 


DEVELOPING 


the world’s 
largest 


computers 
at 


The design and development 

of SAGE (Semi-Automatic Ground 
Environment) computers, part 

of our nation’s radar defense system, 
offer stimulating new challenges to 
creative engineers at IBM Kingston. 


Projects currently in process include: 
Digital and analog systems . . . 
advanced circuitry . . . electronic 
packaging . . . communications 
engineering . . . simulation studies .. . 
air traffic control . . . automation. 


If you are an electrical or 

mechanical engineer, a mathematician 
or a physicist — and want to do 
development work—you owe it 

to yourself to investigate the exciting 
possibilities that SAGE computers 
offer you at IBM Kingston. 
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Field Engineering Instructor Joseph Rechloft 
explains basic display console functions at 
IBM, Kingston, N. Y. 


Associate Engineer Robert M. Blake points out 
a feature of an advanced magnetic tape circuit 
development. 


Kingston 


Staff Engineer Michael S. Zucker and associ- 
ates plan electronic digital computer systems. 


Computer Student Stanley J. Ostrowski studies FOR DETAILS, 

wave forms in the IBM Computer Engineering just write, outlining background 
School laboratory. and interests, to: 

Mr. R. A. Whitehorne, Dept. 5508 
Mgr. of Engineering Recruitment 
International Business Machines Corp. 


590 Madison Avenue, New York 22, N. Y. 
DATA PROCESSING 
MILITARY Senile: 
PRODUCTS ee pent PRODUCTS 


TIME EQUIPMENT 
Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif. 


Write direct to advertiser 323 

































































































THIS COMPARATOR CHECK, part of Bristol Quality Control, as- 
sures accurate outside diameter, pitch diameter, thread form 
and lead. Precision inspections like this guard quality at every 
step in production of Bristol socket screws. 




















For that truly “finished” appearance specify 


Bristol Socket Cap Screws 


Bristol socket cap screws add the crowning touch to 
the craft of a master machinist. 

Whether it’s a jig, fixture, precision tool, or the final 
product itself, these cap screws give you more than just 
holding power. 






































Diamond knurled heads highlight the care we take in pro- 
ducing these screws, make for easy handling and a pleas- 
ing appearance. 














Precision cut threads (in NF and NC, Class 3A fit) allow 
these screws to spin easily into place, fit perfectly, wrench 
up tightly. 

















The Bristol Multiple-Spline socket (available at no extra 
cost) or industry standard hex socket take the wrench 
easily. There’s no skidding or marring of finished sur- 
faces. And the Multiple-Spline socket lets you wrench 
screws tighter with no danger of stripping out the socket 

See your industrial distributor for all the facts on these 
quality cap screws for your quality products. A vailable in 
alloy steel and stainless. Flat-head cap screws, centerless- 
ground shoulder screws, pipe plugs, set screws also avail- 
able in the most complete line on the market. 
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Precision socket screw manufacturers since 1913 
Bristol’s Hex Socket Screws ; 











Bristol's Multiple- 
Spline Socket 
* Screws 
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Nickel Co., 
New York 5, N. Y. 


CASTINGS, LEAD 


Inc., 67 Wall, 
(Nickel and Alloys) 


| Twin City Die Casting Co., 33rd & Tal- 


mage Ave., 8S. E. Minneapolis, Minn. 

CASTINGS, STEEL 

Lebanon Steel Foundry, 82 Lehman, 
Lebanon, Pa. 


CATHODE RAY TUBES. See Tubes, 


Cathode Ray 


CEMENT, INSULATING and SEALING 
du Pont de Nemours & Co., (Inc.), E. L., 


Plastics Div., _Polychemicals Dept., 
Wilmington 98, Del. 


Durez Plastics Div., Hooker Electrochem- 


ical Co., 1308 Walck Rd., N. Tona- 
wanda, N. Y. 
General Electric Co., Plastics Dept., 


Decatur, Ill. 


Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill. 


Remeteionn Cements Co., Pittsburgh 15, 

a 

Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 82, N. Y. 

CERAMICS 


Standard & Special Electrical 
Porcelain (low-volt) 


(A) 

Refractory Porcelain (B) 
High-voltage Porcelain (C) 
Cordierite (D) 
Zircon Vorcelain (E) 
Steatite (Lava) (F) 
Titanates (G) 
Cement- Asbestos (H) 
Ferrites (1) 

Akron Porcelain Co., 2725 Cory Ave., 
Akron 14, Ohio (AB) 

Alcor Manufacturing Co., 4444 W. Roose- 
velt Rd., Chicago 24, Ill. (A) 


American Lava Corp., Chattanooga 5, Tenn. 
(CDEFG) ” ™ ‘ 


Brush Electronics 


Co., Div. of Clevite 
Corp.. 3405 Perkins Ave., Cleveland 
14, Ohio (G) 
Centralab, Div. of Globe-Union, Inc., 


914 E. Keefe Ave., Milwaukee 1, Wis. 
(EF) 
Ceramic Specialties Co. 


, 444 W. 6th, East 
Liverpool, 


Ohio (ABCF) 

Colonial Insulator Co., 987 Grant, 
11, Ohio (ABC) 

Erie Resistor Corp., Erie, Pa 


(G) 
General Ceramics Corp., Keasbey, N. J. 
(BEFT) . - 


Knox Porcelain Corp., Knoxville 1, Tenn. 
(ABC) 

Mycalex Corp. of America, Clifton Blvd., 
_Clifton, N. J. (Glass Bonded Mica) 

New Jersey Porcelain Co., New York Ave. 
& Plum, Trenton 5, N. J. (ABF) 

Pass & Seymour, Inc., Solvay Station, 
Syracuse 9, N. Y. (AF) 

Porcelain Products, Inc., West Sandusky, 
Findlay, Ohio 

Richardson Co., 2799 Lake, Melrose Park. 
Tl. (H) 

Rostone Corp., 2405 S. Concord Rd., Lafa- 
yette, Ind 

Square, D. Co., 6060 Rivard, Detroit 11, 
Mich. (A) 

Stackpole Carbon Co. 

Star Porcelain Co., 41 Muirhead Ave., 
Trenton 9, N. J. (BF) 

Universal Clay Products Co., 1540 E. 
First, Sandusky, Ohio (A) 

Wisconsin Porcelain Co., 122 Lincoln, Sun 
Praire, Wis. (ABF) 


CHAMBERS, TEST 


Blue M Electric Co., 138th and Chatham, 
Blue Island, Ill. 


Akron 


St. Marys, Pa 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CHOPPERS, ELECTRONIC 


Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, Ill. 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1816 S. Second, Mil- 
wakee 4, Wis. 

Allis-Chalmers, Milwaukee 1, Wis. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

E-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, Ill. 

Fasco Industries, Inc., Rochester 2, N. Y. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Heinemann Electric Co,. 99 Plum, Tren- 
ton 2, N. J 
Photocircuits Corp 

i 


, Dept. EM6, Glen Cove 
N 


Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 5, Ill 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3608 Forest, Attleboro, Mass. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Westinghouse Electric Corp., Gateway 


Center Bldg. No. 
Pittsburgh 22 


3, 401 Liberty Ave., 
Pa. 
CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass. 
Chicago, Ill. 


American Lava Corp., Chattanooga 5, Tenn. 























Centralab. Div. ef Globe-Union, Ine., 
914 E. Keefe Ave., Milwaukee 1, Wis. 


a am Inc., 1769 Grace, Chicago 1%, 
Daven Co., 536 W. Mt. Pleasant Ave., 


Route 10, Livingston, N. J. 
Erie Resiswor Corp., Electronics Divy., Erie, 


Pa. 

Methode Mfg. Corp., 7447 W. Wilson Ave., 
Chicago 31, Ill. 

Mycalex Corp. of America, Clifton Blvd.. 
Clifton, N. J. 

RCA Electron Tube Div., Radio Corp, of 
America, Harrison, N. J. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

United States Gasket Co., Plastics Div. of 
a naa Packing Co., Camden 1. 


CLAMPS and CLIPS, GROUND ané 
TEST 


Burndy Corp., Omaton Div., Norwalk, 
Conn. 

Iisco Corp., Dept. F-8, 4730 Madisen Rd., 
Cincinnati 27, Ohio. 

Sherman Manufacturing Co., H. B., Battle 
Creek, Mich. 

Thomas & Betts Co., Inc., 


28 Butler 
Elizabeth 1, N. J. 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm Syca- 
more, Ill 
Weckesser Co., 5256 N. Avondale Ave., 


Chicago 30, Ill 


CLEANING COMPOUNDS, METAL 


Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. Y. 

CLIPS, SNAP. See Rings, Retainer ané 
Snap. 

CLOTH, INSULATING. See Fabrics, In- 
sulating. 

CLOTH TRACING. See Tracing Cloth. 
Film and Paper. 


CLUTCHES, ELECTRIC 


Carlyle Johnson Machine Co., Manchester, 
Conn 


Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Eaton Mfg. Co. Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. 

Formsprag Co., 23605 Hoover Rd, Van 
Dyke, Mich 

Radio Condenser Co., Davis & Copewood, 
Camden 3, N. J. 

Stearns Electric Corp., 120 N. Broadway 
Milwaukee 2, Wis. 


Vickers Electric Div., Vickers Inc., 1808 
Locust, St. Louis 3, Mo. 

Warner Electric Brake & Clutch Co. 
Beloit, Wis. 

CLUTCHES, MECHANICAL 

Curtiss-Wright Corp., Marquette Div 
1145 Galewood Dr., Cleveland 10, Ohio 


COAXIAL CABLE. See Wire and Cable, 
Insulated. 


COIL CORES and FORMS 


American Lava Corp., Chattanooga 5 Tenn. 

Cambridge Thermionic Corp., 453 Con- 
cord Ave., Cambridge 38, Mass. 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13, Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Hycor Div. of International Resistance Co., 
12970 Bradley Ave., Sylmar 10, Calif. 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Cranes Products Inc., 554 Mitchell, Orange 
Paramount Paper Tube Co., 612 Lafay- 
ette, Fort Wayne 2, Ind. 
Precision Paper Tube Co., 2035 W. 

Charleston, Chicago 47, Ill. 
Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, TL Di 
y. 


Resinite Corp., of Precision Paper 


Tube Co., 6980 North Central Park, 
Chicago 45, Mil. 
Stackpole Carbon Co., St. Marys, Pa. 
(Screw-type, Molded Iron) 


United States Gasket Co., Plastics Div. of 


7s Garlock Packing Co., Camden 1, 


COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell Ave., 
Haven 14, Conn. 

Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ill 

Audio Development Co., 2836 13th 
South, Minneapolis 7, Minn, 

Caledonia Electronics & Transformer Corp 
Dept. EM-7, Caledonia, N. 


New 


Ave., 


Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 
Comar Electric Co., 3349 W. Addison, 


Chicago 18, Ill 
Corning Glass Works, 
Div., Corning, N. Y. (Glass Inductance) 
Coto-Coil Co., Inc., 63 Pavilion Ave., 
Providence 5, R. I. 
Cutler-Hammer Inc., 1264 St. Paul Ave., 


Milwaukee 1, Wis. 

Dano Electric Co., 98 Main, Winsted, 
Conn, 

Deluxe Coils, Inc., 1800 First, Wabash, 
Ind. 

Dormeyer Industries, 3414 Milwaukee Ave., 


Technical Products 


ELECTRICAL MANUFACTURING 





A 
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Wire passes through tensioning devices and enters the winding machine in the normal manner. Company saves $2500 a year alone 
by ending handling and returning of empty spools. 


$15,000 a year saved by switching 
to Anaconda magnet wire in pails! 


A YEAR AGO, 2 well-known control 
manufacturer's coil-winding depart- 
ment operators used—and replaced— 
60 to 70 spools on machines a day. 
Each change meant production time 
lost .. . and waste of 5 to 50 feet of 
wire on the end of each spool. Empty 
spools, too, had to be collected, 
packed and returned to wire suppliers. 

Then the decision was made to 
switch from magnet wire on spools to 
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Anaconda quality wire in pails! 


tTopay, these same operators are sav- 
ing the hour or hour-and-a-half a day 
they used to spend changing spools. 
Coil production has increased from 
270 to 320 coils per hour per machine. 
And wire waste is almost nil. The 
Company estimates the change will 
save $15,000 a year. 


THE MAN FROM ANACONDA will 


be glad to show you how Anaconda 
leadership in magnet wire packaging 
can bring greater profit to you, too. 
Let him explain the advantages of 
Anaconda drums, pails, reels . . . and 
how Anaconda’s spool rehabilitation 
program can save you money in the 
winding room. Write or call today: 
Anaconda Wire & Cable Company, 
Magnet Wire Headquarters, Muske- 
gon, Michigan. 


SEE THE MAN FROM ANACONDA 
FoR MAGNET WIRE 


Circle 341 on page 17 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 
your inquiries. 


NEW DESIGN 


and 
PRODUCTION 
Usenet 


through 


HIGH HEAT 
DISSIPATION 


*% Cut Costs over conven- 
tional designs yet still 
improve quality 


% Provide superior shield- 
ing—totally encased con- 
struction 


% Longer Life — potted to 
withstand severe humid- 
ity conditions. 


% Highest commercial qual- 
ity oppearance 


We invite your inquiry. 


“i Generat "T'ransrormer Company 


serving industry since 1928 


18240 Nerwood Avenue, Homewood, 
(Suburb of Chicago) 


Tittle 


Circle 343 on page 17 


Federal Telephone and Radio Co., Div. uf 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle. N. Y. 

Master Appliance Mfg. Co., Racine 2, Wis 

Nothelfer Winding Laboratories, P. O 
Box 455. Dept. 101, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J 

Standard Electrical Products Co., 2240 
E. Third. Dayton 8, Qhio 

Ther Electric & Machine Works, 
Jefferson, Chicago 6, I) 

Universal Manufacturing Co., Inc., 418 
Hillside Ave., Hillside, N. J 


11A 8 


COIL WINDING MACHINES 


Arnold Magnetics Corp., 4615 W, Jefferson 
Bivd., Los Angeles 16, Calif. 

Boesch ‘Manufacturing Co., In 
Conn 


Coil Winding Equipment Co 
= 


Danbury, 
, Oyster Bay, 


Fort Wayne Tool, Die & Er gineering Co., 
1025 Goshen Rd., Fort Wayne, Ind 

Rex Rheostat Co., Baldwin, L. I., N. ¥ 
vens Manufacturing Co Ir George, 
022 N. Rogers Ave., Chicago 30, Til 

Universal Manufacturing (o., Inc., 418 
Hillside Ave., Hillside, N. J 

Universal Winding Co., P.O. Box 1605 
Providence 1, R. I 


COLD HEADED PARTS. 


See Fasteners. 


COLLARS, SHAFT 


Climax Metal Products Co., 863 East 
140th, Cleveland 10, Ohio 


COMMUTATORS 


Kirkwood Commutator Co 
Cleveland 11, Ohio 
Midwest Molding & Mfg. Co 

Tl 
Nippert Electric Products Co., 
Mound, Columbus 23, Ohio 
Toledo Commutator Co., South Chestnut 
Owosso, Mich 
Westinghouse Electric Corp., 
ter Bidg. No. 3, 401 
Pittsburgh 22, Pa. 


, 4855 W. 130th 
Gurnee 96 


759 W 


Gateway Cen- 
Liberty Ave., 


COMMUTATOR SAWS and SLOTTERS 
Holub Industries, Inc., 445 Elm, Syca- 
more, Ill 

(deal Industries, Inc., 1008 Park Ave., 

Sycamore, Ill. 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 84717 St. Paul, 
Rochester 2, N. Y¥ 


COMPOUNDS, SEALING. S¢e Cement, 
Insulating and Sealing; also Waxes and 
Compounds. 


COMPOUNDS, VARNISH. See Varnishes, 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 

Airpax Products Co., Middle River, Balti- 
more 20, Md 

Brie Electro-Mechanical Div., Erie Resis- 
tor Corp., Erie 6, Pa 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Giannini & Co., Inc., G. M., Pasadena 1 
Calif 

Texas Instruments 


Incorporated, 6000 
Lemmon Ave., 


Dallas 9, Texas 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 


Appleton Electric Co., 1723 
Ave., Chicago 13, III 
Buchanan Electrical Products Cerp., 225 
Rte. 22, Hillside, N. J 

Crouse-Hinds Co., Syracuse 1, N. ¥ 
tdeal-Simplet Fittings, Inc., Sub. of Ideal 
Industries, Inc., 1008 Park Ave., Syca- 
more, Til 


Pyle-National C« 1388 N. Kostner Ave., 
Chicago 51, Il 


Wellington 


CONNECTORS, PRINTED CIRCUIT 


Amphenol Electronics Corp., 1830 S, 54th 
Ave.. Chicago 54 
Methode Mfg. Co 447 W. 


- Wilson Ave., 
Chicago 31, Ill 


CONNECTORS, WIRE and CABLE 


AMP Incorporated, 2160 Paxton, 
burg, Pa 

American Brass Co., Waterbury 20, Conn. 

Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 54, Ill, 

Bendix Aviation Corp., 
Sidney, N. ¥ 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J 

Burndy Corp., Omaton Div., 
Conn 

Cannon Electric Co., Dept 500, 3209 
Humboldt, Los Angeles 31, Calif 

Crouse-Hinds Co., Syracuse 1 m 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 

Holub Industries, Inc., 445 Elm, Syca- 
more, Ill 

Ideal Industries, Inc., 1008 
Sycamore, Il 

Iisco Corp., Dept. F-8, 4730 Mad 
Cincinnati 27, Ohi 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, IIL 

Johnson Co., E. F.. 2331 Second A’ve., 
S.W., Waseca, Minn 

Krueger & Hudepohl, 
cinnati 4, Ohio 


Harris- 


Scintilla Div., 


Norwalk, 


Park Ave., 


son Rd 


1043 Evans, Cin 


Pass & Seymour, Solvay Station 
Syracuse 9, : 

Pyle-National Co., 1 K er A 
Chicago ¢ 

Sherman Manufacturing a. = B., 
Battle Creek, Mich 

Switchcraft, Inc., 1328 N 
cago 22 

Thomas & Betts ( 
Elizabeth 1, N. J 


Halsted, Chi 


Yo., Inc., 28 Butler 


CONTACTORS, MAGNETIC. 
and Contactors 


See Relays 


CONTACTS and CONTACT POINTS 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

Baker & Co., inc., Newark 5, 
N. J 

Brainin Co., C. 8., 
Vernon, N. Y 

Deringer Metallurgical Corp., 
cello Ave., Skokie, Ill 

Eitel-McCullough, Ine., San Bruno, Calif 

Fansteel Metallurgical Corp., North Chi- 
cago, Ill 

General Plate Div., Metals and Controls 
Corp., 1908 Forest, Attleboro, Mass. 

Gibson Electric Co., 8349 Frankstown Ave. 
Pittsburgh 21, Pa 

Mallory & Co., Inc., P. R., 
6, Ind 

Ney Co., J. M., P.O. Box 990, 
1, Conn 

Stackpole Carbon Co., St. Marys, Pa 

Thomson Mfg. ¢ ison Ih, Dept 
Waltham 54, Mas y 

Wilson Co., H. A., Route 22, Union, N. J 


113 Aster 
318 Washington, Mt 


8119 Monti- 


Indianapolis 


Hartford 


CONTACTS, CARBON. See Carbon and 
Graphite. 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing Co., 
Manitowoc, Wis 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Croname, Inc., 1769 Grace, Chicago 13, Ill. 

Elgin National Watch Co., Micronies Div., 

in, Tl 

Kirk and Blum Manufacwring Co., 31223 
Forrer, Cincinnati 9, Ohio 

Master Appliance Mfg. Co., Racine 2, Wis. 

Stromberg-Carlson, A Div. of Geners 
Dynamics Corp., 1434 N. Goodman, 
Rochester 21, N. ¥ 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1816 8. Second, Milwau- 
kee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 

Bristol Co., Waterbury 20, Conn. : 

Clark Controller Co. 1146 E. 152nd, 
Cleveland 10, Ohio s 

Crouse-Hinds Co., Syracuse 1, N. , 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Tl 

Eseco Works, Delta-Star he x. 2 
Porter Co., Inc., Lockport, ° » 

Federal Pacific _ Co., 50 Paris. 
Newark 1, N 

Furnas Electric co. 1024 McKee, Batavis, 
Ti m 

General _—_ ~! o., i 
Div., Schenectac 5, 

Hart Manufacturing Co. 211 Bartholomew 
Ave., Hartford 1, Conn 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis , 

Vickers Blectric Div... Vanes Inc., 1868 
Locust, St. Louis °. : 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y 


Apparatus Sales 
: YY 


CONTROLLERS, POTENTIOMETER 


tol Co., Waterbury 206, Conn. 
Westen Electrical Instrument Corp., 4 
sub. of Daystrom. Inc., 614 Fre! inghuy- 
sen Ave., Newark 5, N. J. a 
Wheelco Instruments Viv., Barber-Colmap 
Co., 1403 Rock, Rockford, 1 


CONTROLS, FLOAT and LIQUID 
Lev EL. See Switches 


PRESSURE and TEMPER- 


CONTROLS, Ene Te rttebes. 


ATURE. See also 
Thermostats 


Allen-Bradley Co., 
kee 4, Wis 
Assembly Preducts, Inc., 
Ohio 
Automat Timing & 
of Safety Industr 
sia 6, Pa 
Barber-Coleman Co., Dept. 
Rockford, Ill . 
Bourns Laboratories P.O Box 
Riverside, Calif = 
Bristol Co., Waterbury 20, Conn 
Cutler-Hammer Inc., 1264 St. Paul Ave. 
Milwaukee 1, Wis ; 
Edison Industries. Thomas A Ins 
McGraw-Edison Co Rose- 


1316 8. Second, Milwau- 


Chesterland 14, 


Sut 


a . easant, Ashland, Mass 

G-V Controls, Inc., 8 Hollywood Plaza, 
East Orange, N.. J 

General Electric Co., . 
Div., Schenectady 5. N z 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41 Il 7 

Robertshaw Fulton Controls Co., Acro 
Div., Columbus 16, Ohio 


Apparatus Sales 
Y 


MANUFACTURING 





HOW MANY WAYS CAN 


Special Rrrporo Fartenors 


CUT COSTS FOR YOU? 


NYLON SNAP-IN NUT 
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POLYETHYLENE 
MOUNTING FOOT 


No mar, no scratch 
glide for use on TV 
receivers, record 
changers, small ap- 
pliances, etc. Assem- 
bles into round hole 
in wood or metal 
cabinets. 


Snaps nto square 
al Mihail oL-t- eo) med 
sheet metal... pro- 
vides secure anchor 


age ‘or any sheet 


meta! or self-tap- 


all> Dalbd _ 
ffective e ectrical SS 
= 


& 


ping screw SE 


insu'c*or 


PLUG BUTTONS 
Snap into 14" to 3” 
dia. holes. Can be 
embossed with orna- 
mental or functional 
designs . . . various 

finishes, shapes and 


sizes. 


V-LOCK TEENUT 


Re-usable, self-lock 
ng, one-piece, all 
metal nut has high 
tensile strength, is 
unaffected by heat 
or oils. In various 
sizes and 


snapes, 


metais 


How many of your products employ 
laborious, old-fashioned fastening meth- 


ods where simple fasteners could do the 


job and cut costs, too? How 
many parts and sub-assem- 


blies can be adapted to include a self- 


fastening feature? How many future 
products could be improved by advance 
planning for fastener efficiency? 


QUICKEY FASTENER 


Eliminates need for 
welding or swaging 
studs to sheet metal 
stampings, facili 
tates nesting, elimin 
ates damage n 
iat eee eens 
Quickey snaps in be 


tole Mesto ttt til lb 


FISHTAIL RATCHET PLATE 


Holds on smooth, 
die-cast metal or 
plastic studs to an- 
chor name pilates, 
trade marks etc. on 
appliances, automo- 
biles, electronic ap- 
poratus, etc. 


United-Carr’s engineering staff offers you a wealth of ex- 
perience in the design of special-purpose. fasteners and 
self-fastening devices. Large-scale manufacturing facilities 
(including in-plant plastics molding equipment) ensure 
economical, volume production and prompt deliveries. 
United-Carr field representatives are ready to call on you 
at your request. 


THREAD CUTTING FASTENER 


Re-usable, self-lock- 
ing, vibration-proof 
fastener cuts clean, 
deep threads on un- 
threaded chrome- 
plated studs. Avail- 
able for '«", °@" and 
4" studs. 


TRIMOUNT STUDS 


Hold two or mcre 
thicknesses of mat-- 
riai wogetnar. Sasi. ; 
a:*o.lesbyhard a 
a 2Pe he- 01-1 Mo lates d 
a tochne * Parne 
Cae has eb 
Mary si3pes and 
Pipa 


DURABLE DOT FASTENER 


6 


Snap fastener for 
cloth, leather, plas- 
tics and other mate- 
rials. Positive clo- 
sure, instant release. 
Black, nickel or brass 
finish. 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corp., Cambridge 42, Massachusetts 


MAKERS OF 


FASTENERS 


Circle 344 on page 17 





ROYAL cord assemblies 


precision made 


< rigidly inspected 


a— 


Manufacturers of WIRE 


328 


red on schedule 


=— 


Assuring yourself of safe, dependable power 
supply for appliances or other electrically 
operated equipment is as simple as A-B-C-D. 
Just give ROYAL the specs. Chances are we 
have a stock mold for your cap, connector 
or strain relief for molding in rubber, neo- 
prene, vinyl or polystyrene, to cords* of our 
own manufacture. Or, we can engineer molds 
to special requirements, 


Catalog No. 5-56 illustrates our stock molds. 
Write for your copy. 


“Black or colors. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET + RHODE ISLAND 


CORD ASSEMBLIES * FUSES + WIRING DEVICES 


Circle 345 on page 17 
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Spencer Thermostat Div. 


Metals & Con- 
trols Corp., 


3608 Forest, Attleboro, Mass, 
Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 


Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., “el Frelinghuy- 


sen Ave., Newark 5 
Wheelco Instruments Div., Barber-Colman 
Rockford, Ill. 


Co., 1403 Rock, 
Edwin L. 7530 Thomas 
a. 


Ww iegand Co., 
Bivd., Pittsburgh 8, P. 


CONTROLS, PUSH-PULL 
some Controls, 2017 Greenleaf, Evanston, 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Wontactors; 
Switches. 


CONTROLS, SERVO. 
nisms, 


See Servomecha- 


CONVERTERS, ROTARY 


Carter Motor Co., 2708 W, 
cago 18, Ill. 


COPPER. See Brass, Bronze and Copper. 


COPPER, BERYLLIUM. See Beryllium, 
Copper. 


George, Chi- 


oo and TWINE, ARMATURE and 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Mica Insulator Co., Sub of Minnesota 
Mining $ pans Co., Schenec- 


tady 1, 
Varfiex Corp., 504 W. Court, Rome, N. Y¥ 
Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 


Pittsburgh 22, Pa. 


CORD, INSULATED. 
Cable, Insulated. 


See Wire and 


CORD, peoenes LINE. See Resist- 
ance Line Cords 


CORD SETS 


Belden Manufacturing Co., 
Buren, Chicago 44, TL 

Circle F Mfg. Co., Trenton 4, N. J. 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y. 

Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb, Ill. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. 

Royal Electric Corp., Pawtucket, R. I. 

Westinghouse Electric Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland 12, Ohio 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products. 


CORES, REFRACTORY. See Ceramics. 


CORES, TRANSFORMER 


Acme Electric Corp., Cuba, N. Y. 

American Lava Corp., Chattanooga 5, 
Tenn. 

Arnold Engineering Co., Marengo, III. 

General Ceramics Corp., Dept. ME, Keas- 
bey, N. J. 

Magnetic Metals Co., Hayes Ave., at 2ist, 
Camden 1, N. J 

Magnetics, Ine., Box 391, Butler, Pa. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill. 

Stackpole Carbon Co., St. 

Thomas & Skinner,, Inc., 1114 E. 23rd, 
Indianapolis 7. Ind. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co.,7007 Ingersol, 
caster, Pa. 


463838 W. Van 


Marys, Pa. 


Lan- 


COUNTERS. See also Instruments, Elec- 
tronic; Relays. 


Automatic Timing & Controls, Inc., Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa. 

Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 8,, 
Calif. 

Boesch Manufacturing Co., Inc., Danbury, 
Conn. 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Fort Wayne, Ind. 

Bristol Co., Waterbury 20, Conn. 

Counter & Control Corp., 5225 W. Electric 
Ave., Milwaukee 14, Wis. 

~~ Signal Corp., 202 20th Moline, 


Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Ill. 
Production Instrument Co., 700-04 W. 
Chicago 6, Ill. 


Jackson Bilvd., 
Veeder-Root, Inc., Hartford 2, Conn. 


COUPLINGS, CLUTCH. See Clutches, 


COUPLINGS, FLEXIBLE 


Climax Metal Products Co., 868 East 
140th, Cleveland 10, Ohio. 

Eaton Mfg. Co., Dynamatic Div., 8307 
Fourteenth Ave., Kenosha, Wis. 

Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, IIL 


CRYSTAL DIODES. See Rectifiers, 
conductor; Transistors and 
Diodes. 


Semit- 
Crystal 


CRYSTALS, QUARTZ 
Brush Electronics Co., Div. of Clevite 
aa $405 Perkins Ave., Cleveland 14, 


Ohi 
RCA Electronic Tube Div., Radio Corp. 
of America, Harrison, J. 


CYLINDERS, AIR 


Mead Specialties Co., 4114 N. 
Dept. E-47, Chicago 41, IIL 


Knox Ave., 


DELAY LINES. See 


nents. 


Computer Compo- 


OIAL LIGHT ASSEMBLIES. See Lights, 
Pilet and Indicator. 


DIALS and PANELS 

Borg Equipment Div., 
Corp., Janesville, Wis. 

Croname, Inc., 1769 Grace, Chicago 15, 
lik. 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., Newport Beach, Calif. 
Mica Insulator Co., Sub. of Minnesote 
Mining & Manufacturing Co., Schenec- 

tady 1, N. Y. 


George W. Borg 


DIE CASTINGS. See Castings, Die. 


DIELECTRIC HEATING UNITS. 6ee 
High Frequency Heating Units. 


DIE-SETTING TOOLS 
Wales-Strippit Co., Akron, N. Y. 


DIES, PRECISION, LAMINATION, Ets. 


Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y. 

Twin City ‘ Casting Co., 33rd & Talmage 
Ave., 8. , Minneapolis, Minn. 


DIODES. See Rectifiers, Semiconductor: 
Transistors and Crystal Diodes. 


DRAFTING EQUIPMENT and 
MATERIALS 

Keuffel & Esser Co., 

Ozalid, A Div. of General 
Film Corp., Johnson City, N. 


Hoboken, N. J. 
Aniline & 


DRIVES, BELT 


Allis-Chalmers, Milwaukee 1, Wis. 

Dayton Rubber Co., Ind. 0.E.M. Div., 
Dayton 1, Ohio. 

New York Belting & Packing Co.,, 1 
Market St., Passaic, N. J. 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives. 


Eaton Mfg. Co., Dynamatie Div., 
Fourteenth Ave., Kenosha, Wis 
General Electric 

Div., Schenectady 5, N. Y. 
Reliance Electric & Engineering Co., 24701 
Buclid Ave., Cleveland 17, Ohio 
Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. 4. 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


3307 


Co., aomerates Sales 


DUCTS, WIRING (Control Panel) 
eters Fibre Co., Inc., Tonawands,, 
N. 


Btaklin ‘Brothers Fibre Works, Inc., Dept 


E, Belding, Mich. 
Taylor Electric, =. 15406 Dale, Detroit 


23, Mich. 


DUPLICATING MACHINES, DIELESS. 
See Benders, Brake and Shears. 


DYNAMOMETERS 


Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y. 

Baton Mfg. Co., Dynamatic Div., 38307 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Robbins & Myers, Inc., ggg =~ 

Westinghouse Electric’ Corp., 
Center, Bldg. No. 3, 401 Liberty a, 
Pittsburgh 22, Pa. 


DYNAMOTORS 


Carter Motor Co., 
cago 18, Ill 


2708 W. George, Chi- 


ELECTRICAL SHEETS. See Steel, Eleo- 


trical. 


ELECTRONIC COMPONENTS. See spe- 
cifie headings. 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 


ings, Welds, Etc.) 
American Lava 


Corp., Chattanooga 5, 


San Bruno, Calif 
Newark 5, 


Tenn. 
Eitel-McCullough, Inc., 
Engineering Co., 27 Wright, 

N. J. 

Ford Radio & 

Brooklyn, N. 


Mica Corp., 536-540 63rd, 
ee 


ENAMELING SHEETS. See Steel, 
mercial Forms and Grades. 


Com- 


ENAMELS. See Lacquers, Enamels, Paints 
and Varnishes, Finishing. 


ELECTRICAL MANUFACTURING 





These shielded coil forms offer the utmost in reliability due to their unique design = construction. Dimensions when mounted, includ- 
ing terminals, are: LS-9, 46” diameter x 14” high; LS-10, x 1%_”; LS-11, x 1742”. Each form mounts by a single stud. The 
LS-12 is a square type for printed circuits and measures 14” 3 ee 14”, Sinele coo or pie-type windings to your specifications. 


Reliability — under any condition! 


CTC miniaturized shielded coil forms Roberts and Associates, Inc., 5068 West 
are highly shock resistant. With me- Washington Blvd., Los Angeles 16, and 
chanically enclosed, completely shielded 61 Renato Court, Redwood City, Cal. 
coil windings, they bring all the rugged- 
ness and dependable performance you 

: , - €tes . we TYPE SPC phenolic and ceramic printed circuit 

> > y oO < a- 
require for your tight sp t applic a coil forms c: un be soldered after mounting. Phen- 
tions IF strips, RF coils, oscillator olic forms: "high when mounted, in diameters of 
— ae 219” and. 285" . Ceramic forms: ”" diamete 
coils, etc. z ; : mounted he sights of 5,” and ”". with 
CTC combines quality control with jered iron core, and collars of silicone fit 


quantity production to supply exactly s. Forms come with th th two to four oo 
the components you need, in any required. Available as forms alone or wound : 
amount. CTC quality control includes wae 
material certification, checking each 
step of production, and each finished 
product. And CTC quantity production 
means CTC can fill your orders for any 
volume, from smallest to largest. 
For samples, specifications and prices, 


write to Sales Engineering Dept., CAMBRIDGE THERMIONIC CORPORATION 


Cambridge Thermionic Corporation, a al 4 ae 7 
Se ‘Geatend hve. ondiiies 2. makers of guaranteed electronic components 


Mass. On the West Coast contact E. V. custom or standard 
SEE CTC'S GUARANTEED COMPONENTS ON DISPLAY AT BOOTH 1820, 1957 WESCON SHOW, SAN FRANCISCO COW PALACE, AUGUST 20th 10 23rd. 
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AVAILABLE IN 
FOUR TIME RANGES 


7 MINUTES 
14 MINUTES 
28 MINUTES 
56 MINUTES 


WITH “HOLD FEATURE 


if desired 


lustrated above: 
MODEL 1-102 (for mounting di- 
rectly on sheet metal panel) $9.00 
Also available in metal box with 
or without signal light. 


dep CHALE 


Lael EMC k: 


eb I EI 


Heavy OTS) 


tt 
Ga 


More than just a warning de- 
vice, Cissell Time Switches open 

- Or close . . . an electrical 
circuit at the end of a specified 
time period. They are adaptable 
to a wide variety of mountings. 
GUARANTEED for 1 year. 

We welcome an opportunity 
to prove that we have the 
answer to YOUR time switch 
problem. Contact us now for 
detailed information. 


CURRENT RATING: AL- 
TERNATING CURRENT 115 
or 230 VOLT, '4 H.P. SINGLE 
PHASE, 10 AMPERES, INDUC- 
TIVE OR NON-INDUCTIVE. 


W. M. CISSELL MFG. CO., INC. 
631 S. First St., P. O. Box 1143 
LOUISVILLE, KENTUCKY 


Patent Applied For 


Circle 347 on page 17 





DIP COATINGS for “PAC” Pre-Assembled 
Components produced by Erie Resistor Corp. for 
quick installation in printed wiring boards are 


mechanically strong, heat-resistant, non-conductive...made 


with DUREZ RESIN COMPOUNDS 


For full information anc 
data on special phenolic resin 
compounds developed for 
electronic coatings, please write 





a 


Phenolic Plastics that Fit the Job 


HOOKER 


DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 
1308A Walck Road, North Tonawanda, N.Y. 


CHEMICALS 
PLASTICS 


330 Circle 348 on page 17 








EYELETS and GROMMETS 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, IL 

Goshen Rubber Co., Inc., P. O. Box 517, 
Goshen, Ind. 

Kevere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y¥ 

Roth Rubber Co., 
Chicago 50, Ill 

United States Gasket Co., Plastics Div. 
of The Garlock Packing Co., Camden 1, 
N. J 


1860 §. 54th Ave., 


FABRICS, INSULATING. (Sheets, Tapes, 
Yarns, Thread, Cord, Ete.) 
Glass Fiber, Varnished Cambric, Cotton, 


Linen, Silk, Asbestos, etc. See also 
Tape and Sheeting, Synthetic Resin; 
Tubing and Sleeving, Braided Fabric. 


Acme Wire Co., 1225 
Haven 14, Conn 
Bentley, Harris Mfg. Co., 
Conshohocken, Pa. 
Brand & Co., Inc., 


Dixwell Ave., New 
1208 Barclay, 


William, Willimantic, 


1, Conn. 

Continental-Diamond Fibre Co., Newark 
13, Del 

Cottrell Paper Co., Inc., 88 Purchase, Fall 
River, Mass 


Electro-Technical Products, Div. of Sun 
Chemical Corp., Nutley 10, N. J 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Gudebrod Bros. Silk Co., Inc., 12 8. 12th, 
Philadelphia 7, Pa 

Hess, Goldsmith & Co., Inc., Horace 
Linton Div., 1400 Broadway, New York 
is, N. ¥ 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

Johns-Manville, Box 14, New York 16, 
N. 

Johns-Manville, 
7800 Woodlawn 


Dutch Brand Products, 
Ave., Chicago 19, Ill. 


L. O. F. Glass Fibers Co., 1810 Madison 
Ave Toledo 1, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Sche- 
ectady 1, N. Y. 


Minnesota Mining & Mfg. Co., Electrical 
Products Div 900 Fauquier Ave., St. 
Paul 6, Minn 

Natvar Corp., 207 
bridge, N. J 


Randolph Ave., Wood- 


New Jersey Wood Finishing Co.,, Elec- 
trical Insulation Dept., Woodbridge, 
N. J 

Owens-Corning Fiberglas Corp, 598 Ma- 
dison Ave., New York 22, N. Y 

Raybestos-Manhattan, Inc Plastic Pro- 


Manheim, Pa 

Varflex Corp., 504 W. Court, Rome, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


lucts Div., 


FANS and BLOWERS 


Diehl Manufacturing Co., Electrical Div 
f The Singer Manufacturing Co., Som- 
er € N. J 

Easter Air Devices, Ine., 383 Central 
4 Dover, N. H 

Emerson Electric Mfg. Co., St. Louis 21, 
M 

Fasco Industries, Inc., Rochester 2, N. Y 

Glot Ir stries, Inc Dayton 4, Ohio 

He Electric Co., 685 Lawrence, Low 





Maste yliance Mfg. Co., Racine 2, 
W 

Re r, 251 Edward, Carpentersville, Ill 

Robbins & Myers, Ine., Propeller Div., 
Springfield Ohio 

T gton Manufacturing Co., Torring- 

Conr 

FASTENERS (Bolts and Nuts; Lock and 
Snap Assemblies; Pins; Pre-assembled 
Washers and Serews; Recessed Head 
Screws; Rivets; Screws; Washers.) 


Bolts and Nuts 





Machine Bolts and Nuts (A) 

Stove Bolts (B 

Self-Locking Nuts (C 

Sheet Metal Lock Spring Assembly Nuts 
D 

Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Cap Nuts (G 

Spade Bolts (S) 

Welding Nuts (Clinch-on) (N) 


Wing Nuts (W) 

Aluminum Co. of America 
Pittsburgh 19, Pa. (A) 

Bristol Co., Waterbury 20 


Alcoa Blidg., 


Conn. (A) 


Burndy Corp., Omaton Div., Norwalk, 
Conr 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
ABCF) 

Cleveland Cap Screw Co 4444-11 Lee 
Road, Cleveland 28, Ohio 

Continental Screw Co., New Bedford, 
Mass. (AB 

Elastic Stop Nut Corp. of America, Dept 
R35-822 2330 Vauxhall Rd., Union 
N J (ACDEN) 


Elco Tool and Screw Corp., 
way, Rockford, Ill. (ABF) 


1800 Broad- 


Fastex Div. of Illinois Tool Works, 198 
Algonquin Rd., Des Plaines, Ill. 
Gries Reproducer Corp., 149 Beechwood 


Ave., New Kochelle, N. Y. (GW) 
Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (ABC) 

Hassall, Imc., Jom P.O. Box 2225 


Westbury, L. L, N. ¥. (F) 
Keystone Bolt & Nut Corp., 127 Church, 


New York 7, N. Y. (AB) 

Mac Lean-Fogg Lock Nut Co., 5535 N. 
Wolcott, Chicago 40, Til (C) 

Milford Rivet & Machine Go., Milford 
Conn. (BF) 


National Lock Co., Rockford, Ill. (A) 

Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J. 
(C) 


Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J. (AB) 

Prestole Corp., 1303 Miami, Toledo 5, 
Ohio (D) 

Russell, Burdsall & Ward Bolt and Nut 


Co., Port Chester, N. Y¥. (ABF) 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Til. (C) 

Standard Pressed Steel Co., Jenkintown 9, 
Pa. (AN) 

Sterling Bolt Co., 363 W 
lll. (ABF) 

Thompson-Bremer & Co., 
Machine & Foundry Co., 
born, Chicago 10, Ill. (C) 

Tinnerman Products, Inc., P. O. Box 6688, 
Cleveland 1, Ohio (D) 


Erie, Chicago, 


Sub. American 
514 N. Dear- 


United-Carr Fastener Corp., Cambridge 
42, Mass. (ACDE) 
Wenco Mfg. Co., 1136 W. Hubbard, Chi- 


cago 22, Ill. (S) 


Lock & Snap Assemblies (Door Panel, 
Shelf Support and Mounting, etc.) 


Dimeo-Gray Co., 210 EB. 6th, Dayton 2, 
Ohio 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 

Simmons Fastener Corp., 1752 N 
way, Albany 1, N. Y. 


Broad- 


Pins—Cotter F Locking and = ‘Taper 


(G); Spiral Coil (M) 
Chase Brass & Copper Co 
necott Copper Corp., 

Conn, (F) 


Sub of Ken- 
Waterbury 26, 


Elastic Stop Nut Corp. of America, Dept. 
R35-822, 2330 Vauxhall Rd., Union, 
N. J 

Sterling Bolt Co., 368 W. Erie, Chicago, 
Ill 


Pre-Assembled Washers and Screws 

Continental Screw Co., New Bedford, Mass 

National Lock Co., Rockford, Tl 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Il 


Thompson-Bremer & Co., Sub American 


Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill 

United-Carr Fastener Corp., Cambridge 
42, Mass. 

Recessed Head Screws 

Bristol Co., Waterbury 26, Conr 

Central Screw Co., 3501 Shields Ave., 
Chicago 9, IN 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 


Continental Screw Co New Bedford, 
Mass 

Eleo Tool & Screw Corp., Rockford, Tl 

Harper Co H. M 8204 Lehigh Ave., 


Morton Grove, Til 


Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y 

Milford Rivet & Machine Co Milford, 
Conn 

National Lock Cx Rockford, Ill 

Parker-Kalon Div General American 
Transportation Corp., Entin Rd clif- 
ton, N. J 

Russell, Burdsall & Ward Bolt and Nut 


Co., Port Chester, N. ¥ 
Shakeproof Div. of Illinois Tool 
St. Charles Rd., Elgin, I) 
Standard Pressed Steel Co., Jenkintown 9, 

Pa 
Sterling Bolt Co., 
Il 
Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, IT 


Works, 


363 W. Erie, Chicago, 


Rivets 
Aluminum Co. of 
Pittsburgh 19, Pa 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 
Chicago Rivet & Machine Co., 9609 W. 
Jackson Blvd Bellwood, Ill 
Continental Screw Co., New 
Mass 
Deringer 


America, Alcoa Bldg., 


Bedford, 


Metallurgical Corp, 8119 Mon- 
ticello Ave., Skokie, Ill 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 

Gries Reproducer Corp 149 Beechwood 
Ave., New Rochelle, N. Y. 

Harper Co H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. 

Hassall, Inc., John, P.O. Box 2225, West- 
ae A 

Keystone Bolt & Nut Corp 12 





Church, 


New York 7, N. ¥ 

Milford Rivet & Machine Co., Milford, 
Conn 

Russell, Burdsall & Ward Bolt and Nut 
Co Port Chester, N. ¥ 


ELECTRICAL MANUFACTURING 


Sustained operating temperatures up to 400° F, as in guided missiles, are death to inferior electrical insulations and lar 
CDF glass-base laminates of Teflon*—the only laminates of their kind approved by the military—can take this punishment s 


LATEST HIGH-HEAT INSULATION SYSTEMS 
NEED CDF GLASS-BASE LAMINATES AND TAPES 


Widest available range offers Teflon, epoxy, silicone, mica 


products for dimensional stability under continuous heat 


As components and equipment grow smaller, and heat 
becomes more difficult to dissipate, CDF high-heat 
electrical insulations become increasingly important to 
electronic design. For nowhere else can such a wide 
range of quality insulations be found under one roof 
as at CDF. 


FOR HIGH-HEAT PRINTED CIRCUITRY, CDF’ glass- 
base metal-clad laminates of Teflon* and epoxy exhibit 
best dimensional stability and current-carrying ca- 
pacity. Constant operating temperatures of 300°F - 
soldering temperatures to 500°F — are readily met by 
these specialized CDF Dilecto® laminates. 


HIGH-HEAT FLEXIBLE INSULATIONS. CDF offers a 
wide choice of insulating tapes made of Teflon, silicone 
varnish, silicone rubber, and Micabond®, with glass- 
cloth support. CDF tapes may be used either by hand 
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wrapping or on automatic winding machines. Unsup- 
ported Teflon in colors available to meet MIL-STD 104 


TEFLON SPAGHETTI TUBING AND OTHER SPECIALTIES. 
Part of CDF’s vast fabrication facilities is devoted to 
the production of custom parts from Teflon spa- 
ghetti tubing, rods, sheets, and machined parts to rigid 
specifications. 


NEW — cementable Teflon, bondable to itself and to 


other materials with commercial adhesives 


SEE SWEET’S Product Design File, Electronics Buyers’ 
Guide, and other directories for the name and phone 
number of your CDF sales engineer. Then send your 
print or your problem, and we’ll return specific tech- 
nical data and test samples. 


*trademark of DuPont tetrafluoroethylene resin 


CONTINENTAL- DIAMOND FIBRE 


A SUBSIDIARY OF THE —f2,9,4/- COMPANY » NEWARK 13, DEL. 


Circle 349 on page 17 











mall? | 


Occupying less than 13¢ square inches of panel space, this 
Miniature Ceramic Switch nevertheless contains as many 
as 18 positions on a single wafer. Flashover voltage at 
60 cycles is 1000 volts peak . . . current carrying capacity 
is 2 amperes. And it’s rugged . . . meets and 
exceeds Mil-Spec S-3786. 


These units can be ‘‘ganged’’ with up to 8 decks with slight 
mechanical modifications. 2 or 3 poles per deck may 
also be obtained as standard. Prototypes 

can be. delivered within 2 weeks. 


Write for complete information. 


« IDAVWEIN ~. Livingston, N. J. 
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AVEDKESSE 


‘CABLE CLI 


of all uylow >. 


for high heat or \ 
other severe \ 
conditions 


for maximum economy 


in average conditions 7 












4B 


ti eo 


Light weight, strong, chemically resistant. 
No short circuits, no grounds, no 
corrosion, no rust. Only one fastener needed 
Sizes to 1% inches. Write for free 

samples and price sheet. 


WECKESSER COMPANY 


5711 NORTHWEST HWY., CHICAGO 30, ILL. 
See us at the WESCON Show Booths 313 and 314 
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Sterling Bolt Co., 363 W. Erie, Chicago, 
I. 
Thomson Mfg. Co.. 


Judson L., Dept, D, 
Waltham 54, 


Mass. 


Screws—Cap and Set, Machine (H); Self- 
Tapping (J) 


Allen Manufacturing Co., 
Hartford 5, Conn. 

Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa. 

Bristol Co., Waterbury 20, Conn. (H) 

Chase Brass & Copper Co., Sub. of Ken- 
oe Copper Corp., Waterbury 20, Conn. 
( 4) 

Continental Co., 
Mass. (HJ) 

Elco Tool and Screw Corp., 
way, Rockford, Ill, (HJ) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (J) 

Hassall, Inc., John, P.O. Box 2225, West- 


133 Sheldon, 


Screw New Bedford, 


1800 Broad- 


bury, L. I., N. Y. (HJ) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y¥. (HJ) 

Milford Rivet & Machine Co., Milford, 
Conn. (HJ) 


National Lock Co., Rockford, Ill. (J) 

Parker-Kalon Div., deneral American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J. (HJ) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Set Screw & Manufacturing Co., 112 
Main, Bartlett, Ill. (H) 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. (J) 

Standard Pressed Steel Co., Jenkintown 9, 
Pa. (H) 


Sterling Bolt Co., 363 W. Erie, Chicago 
10, Ti. (HJ) 

United-Carr Fastener Corp., Cambridge 
42, Mass. (HJ) 


Washers—Flat (K); Lock and Spring (L) 


Associated Spring Corp., Bristol, Conn. 
(KL) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn 

Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. (KL) 

Barnes-Gibson-Raymond Div., Associated 
Spring Corp.. 40300 Plymouth Rd., 


Plymouth, Mich. 

B-G-R Cook Plant Div., Associated Spring 
Corp., Ann Arbor, Mich. (KL) 

Chase Brass & Copper Ce., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 


Continental Screw Co., New Bedisord, 
Mass (KL) 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio (K) 

Dunbar Bros. Co., Div. Asseciated Spring 


Corp., Bristol, Conn. 

Ford Radio & Mica Corp., 536-540 63rd, 
Brooklyn, N. Y. (K) _(Mica) 

Garrett Co., Inc., George K., Philadelphia 
34, Pa. (KL) 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 14, Ill. (KL) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (L) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. (KL) 

Manross & Sons Co., F. N., Div. 
ciated Spring Corp., Bristol, Conn. 

Milwaukee Div., Associated Spring Corp., 
341 E. Erie, Milwaukee, Wis. (KL) 

National Lock Washer Co., 40 Hermon, 
Newark 5, N. J. (L) 

Ohio Div., Associated Spring Corp., 1712 
E. lst, Dayton, Ohio (KL) 

Palnut Co., Sub. of United-Carr Fastener 
Corp . 66 Glen Rd., Mountainside, N. J. 
(hL) 

Raymond Mfg. Co., Div. Associated Spring 


Asso- 
(KL) 


Corp., Corry, Pa. (KL) 
Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y 


Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ml. (L) 
Sterling Bolt Co., 363 W. Erie, Chicago, 


Tl 
Thompson-Bremer & Co., 


Sub. American 


Machine & Foundry Co., 514 N. Dear- 
born, Chicago 10, Ill. (KL) 

United-Carr Fastener Corp., Cambridge 
42, Mass. (L) 

FELT 

Continental Felt Co., Inc. 22-26 West 
15th, New York 11, N, Y. 

Western Felt Works, 4021-4139 W. Ogden 


Ave., Chicago 23, Ill. 

FIBRE, PHENOLIC. See Plastics—Mold- 
ing, Laminating, Casting and Extrusion 
Compounds 


FIBRE, VULCANIZED. 
Rod, Tubing). 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Il. 
National Vulcanized Fibre Co., Wilming- 

ton 99, Del 
Spaulding Fibre Co., Inc., Tonawanda, 
i 


(Board, Sheet, 


Stahlin Brothers Fibre Works, Inc., Dept. 
E., Belding, Mich. 

Taylor Fibre Co. Norristown, Pa. 

West Virginia Pulp and Paper Co., 
Park Ave., New York 17, N. Y. 
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FILTER ELEMENTS, POWDERED 
METAL 


Amplex Div., 
31, Mich. 
Radio Cores, Inc., 9540 Tulley Ave., Oak 

Lawn, IIl. 


Chrysler Corp., Detroit 


FILTERS, RADIO 


Aerovox Corp., New Bedford, Mass. 

Cornell-Dubilier Electric Corp., South 
Plainfield, N. J. 

Federal Telephone and Radio Co, Div. 
of International Telephone and Tele- 
graph Corp., 100 Kingsland Rd., Clifton, 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

— > Co., Inc., P. B., Indianapolis 
. n 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Tobe Deutschmann Corp., Norwood, Mass 

United Transformer Co., 150 Varick, New 
York 13, N. ¥. 


FINISHES, PRODUCT. See Lacquers, 


Enamels, Paints and Varnishes, Finish- 
ing 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compen- 
sators, Control Units, Starters and 
Transformers. For Resistors, see Re- 
sistors, Instrument and Radio; also Ca- 
pacitors. 


Acme Electric Corp., Cuba. N. Y¥ 

Alcor Manufacturing Co., 4444 W Roose- 
velt Road, Chicago 24, Ill, 

Aerovox Corp., New Bedford, Mass. 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 

Chicago Standard Transformer Corp., 3506 
Addison, Chicago 13, IL 

Circle F Mfg. Co., Trenton 4, N. J. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Sola we Co., 4638 W. 16th, Chicago 
50, 

Sprague Electric Co., 8307 Marshall, North 
Adams, Mass 

Sylvania Electric Products, Inc., 
Broadway, New York 19, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


FOILS, WIRE MARKING 


Kingsley Stamping 
Cahuenga Blvd., 


1740 


Machine Co., 
Hollywood 38, 


850 
Calif 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co., Waterbury 20. Conn 

Chase Brass & Copper Co.. Sub. of Ken. 
necott Copper Corp., Waterbury 20, Conn 

Philadelphia Bronze & Brass Corp., Sub. 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 

Revere Copper and Brass. Inc.. 230 Park 
Ave., New York 17, N. Y. (Non-ferrous) 


yet - Son, Inc., Joseph T., Chicago 
80, Ill. 


FREQUENCY METERS. See Instruments. 


FUSE HOLDERS, MOUNTINGS and 
CLIPS 

Burndy Corp., Omaton Div., Norwalk, 
Conn 

Bussmann Mfg. Div., McGraw-Edison 
Co., St. Louis 7, Mo. 


— Industries, Inc., 445 Elm, Sycamore, 
ll. 


Ideal Industries, Inc., 1008 Park Ave.. 
Sycamore, Il. 

Tisco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 


Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, TIL 
Littelfuse, Des Plaines, ML 


Multi Electric Mfg. Co., 4227 W. Lake, 
Chicago 24, IL 
Sherman Manufacturing Co., H. B., Bat- 


tle Creek, Mich 

Square D Co., 6060 Rivard, Detroit 11. 
Mich. 

FUSES 

Burndy Corp., Omaton Div., Norwalk 
Conn. 

Bussman Mfg. Div., (McGraw-Edison 
Co.,) St. Louis 7, Mo 

General Electric (Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Littelfuse, Des Plaines, Ill. 


Royal Electric Corp., Pawtucket, R. I. 

Westinghouse Electric Corp.. Gateway 
Center, Bidg. No. 8, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


GAGES, TEMPERATURE, PRESSURE 
and VACUUM 


Automatic Timing & Controls, 
of Safety Industries, Inc., 
Prussia 6, Pa 

Bristol Co., Waterbury 20, Conn. 

Edison Industries. Thomas A.. 
ment Div., McGraw-Edison Co., 
land, N. J 

Servomechanisms Inc., Mechatrol Div., 17 
Brooklyn, Westbury, L. L, N.Y. 

Weston Electrical Instrument Corp., 
Sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


GALVANOMETERS. See Instruments. 


GASKETS 


Armstrong Cork Co.,7007 Ingersol, Lan- 
caster, Pa, (Cork and Rubber Composi- 


tions) 
Co., 306-I Stack, 


Auburn Manufacturing 
Middletown, Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill. 

Goshen Rubber Co., Inc., P. O. Box 517, 
Goshen, Ind. 


Inc., Sub 
King of 


Instru- 
Rose- 
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You get 5 big pluses 


‘when you specify 


Assurance of good dielectric could be reason 
enough for choosing Electrical Porcelain. Yet apart 
from its dielectric strength this versatile material 
has properties that make it the ideal insulator for many 
critical applications. If, for example, the need is 


@ HEAT RESISTANCE... Electrical Porcelain compounded 
from inorganic materials has a softening temperature 
between 2500 F. and 2700 F. 


@ FLASHOVER RESISTANCE... Arcs over porcelain do not leave 
carbon tracks; the material withstands repeated flashover. 


@ DIMENSIONAL STABILITY... Electrical Porcelain 
maintains its dimensions under operating conditions; 
it is not subject to cold flow. 


@ CHEMICAL INERTNESS .. . Electrical Porcelain will not 
corrode, char or burn; it resists all common acids and 
corrosive vapors. 


@ COMPRESSIVE STRENGTH... Tests show a compressive 
strength for Electrical Porcelain of from 
30,000 to 50,000 psi. 


Any of the companies listed below will be pleased 
to advise on your insulator requirements. 


Sponsored by these members of the 


DRY PROCESS ELECTRICAL PORCELAIN SECTION 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


THE AKRON PORCELAIN CO. 3000 corry Ave. AKRON 14. OHIO 

THE CERAMIC SPECIALTIES CO. aaa west sixtH STREET. EAST LIVERPOOL. OHIO 
KNOX PORCELAIN CORP. xwoxvitte 1. TENN 

NEW JERSEY PORCELAIN CO. new york AVE AND PLUM ST.. TRENTON 5S. N. 3 
PORCELAIN PRODUCTS, INC. west sanousky STREET. FINDLAY. OHIO 

THE UNIVERSAL CLAY PRODUCTS CO. 1501 € First STREET. SANDUSKY. OHIO 


Circle 352 on page 17 





MIDWEST MOLDS ALL ic 
FOR ELECTRIC MOTORS 


em Ce 
motor components precision molded 
from stock dies... 


of] oT 


Over 100 Brush Cap Sizes ¢ Molded from Stock Dies 


With or without Inserts 


e Internal & External Thread 
Over 50 Brush Holder Sizes « Molded Nylon or Phenolic 


roe, © 


*, 
iy. ononucrs 


Over 40 Commutator Sizes ¢ With or without prongs 


Customolded Segmented Commutators & Slip Rings 


Write for size chart or send blueprints for quote 


ONE SOURCE FOR ALL 3 MOTOR COMPONENTS 
Over 30 
die-making and molding bocks Triple M 


yeors experrence and specialization in 


ee etre 


eWidwest mabeisteeaa 


& MANUFACTURING COMPANY 


Chicago Phone: Dickens 2-0777 


Long Distance: ONtario 2-1320 ~ 
i Sabb 2) 


PLASTICS 


Circle 353 on page 17 


Johns-Manville, Box 14, 
N. ¥. 

Parker Appliance Co., 17325 Euclid Ave 
Cleveland 12, Ohio 

Raybestos-Manhattan, Inc., 
ucts Div., Manheim, Pa 

Ruin Rubber Co., 1860 § 
Chicago » mi 

United States Gasket Co., 
of The Garlock Packing 
l,N. J 

Western Felt Works, 
Ave., Chicago 23, IIL 


New York 16 


Plastic Prod 
54th Ave., 


Plastics Div 
Co,, Camden 


4035-4117 Ogden 


GEARMOTORS. See Motors. 


GEARS and PINIONS 


American Stock Gear Div., 
Gear Co., Harvey, Ill 

Amplex Div., Chrysler 
31, Mich 

Beaver Gear Works, Inc., 
Rockford, Ill 

Bowmar Instrument 
vania Ave., Ft 

Continental 


Perfection 
Corp., 


1035 


Detroit 
Parmele, 


Corp. 2415 Pennsy:- 

Wayne, Ind 

Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 

Gear Specialties, Inc., 2635 W. Medill 
Ave., Chicago 47, Ill. 

Gries Reproducer Corp., 149 Beechwood 
Ave.. New Rochelle, N. Y 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, IL 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. 

United States Graphite Co., 1621 Hollana, 
Saginaw 8, Mich. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

, 7855 


Winzeler Manufacturing & Tool Co 
W. Wilson Ave., Chicage 31, Ill 


GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 


536 W. Mt. Pleasant Ave., 

10, Livingston, N. J. 
General Electric Co., Apparatus Sales 

Div., Schenectady 5, N : 

General Electric Co., Bilectronics Div., 

Electronics Park, Syracuse 1, N. Y. 
Howard Industries, Inc., 1700 State, 

Racine, Wis 
Southwestern Industrial Electronics Co., 
2831 Post Oak Rd., P. O. Box 33058, 
Houston, Texas. 


GERMANIUM DIODES. See Rectifiers, 
— onducter; Transistors and Crystal 
Jiodes 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 18, Del 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Cliften Blvd., 
Clifton, N. J, 


GLASS-FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 


Corning Glass Works. Technical Products 
Div., Corning, N. Y 
roname, Inec., 1769 Grace 
Hermasea_ C In 1010 
Ind. (Tubes) 
Kopp Glass, Inc., 


Chicago 13. Ill 
Main, Elkhart 


Swissvale, Pa. 


GOLD, ROLLED (Pilate and Wire) 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

Baker & Co., Ine., 113 Astor, Newark 5, 


N 
General Metals & Controls 

Attleboro, Mass 
Fulton, New Yura 


Plate Div 
Cort 1908 Forest, 
Handy & Harman, 82 
33, N. Y¥ 
Ney Co., J. M., P 
Conr 
Ss Rex 
N. J 
Wilson Co 


O. Box 990, Hartford 


Cor 75 River Rd., Nutley 10 


H. A., Route 22, Union, N. J 
GRAPHITE. See Carbon and 


GREASE, BEARING 


Dow Corning @erp., Midland, Mich. 
cone) 


Graphite 
(sili- 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 
Heyman Mfg. Co., Kenilworth 1, N. J 
Pyle-Nation al Co., 1388 N. Kostner Ave., 
Chicag I 
Walker c 0.. ‘George, 
Passaic, N. J 
Weckesser Co. 5701 
Chicago 30, Ill 


118 Amsterdam Ave., 


Nerthwest Highway, 
GYROS 


Kearfott © 


‘ 378 Main Ave., Clif 
ton, N.J 


HARNESSES and ASSEMBLIES, WIRE 

Amphenol Electronics Corp., 1860 8. 54th 
Ave., Chicago 54, Ill. 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Tl. 

Brand & Co., Inc., William, Willimantic 

50 Church, New York 


1, Conn 
Cornish Wire Co., 

¥¢. we, Be 
Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, IIL 


General Electric Co., Construction 
rials Div., Bridgeport 2, Conn 
Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass 

Switchcraft, Inc., 1328 N. Halsted, Chi- 
cago 22, IIL 

Wire Stripper Co 1729 
East Cleveland 12, Ohio 


Mate 


Dastham Ave. 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., 
Van Buren, Chicago 11, Ill 
Stromberg-Carlson, A _ Div of 
Dynamics Corp 117 

Rochester 3, N. Y. 


10338 W 


General 
Carlson Rd., 


HEATING ELEMENTS 


Anderson Controls, Inc 
Rd., Des Plaines, Ill 
Cutler-Hammer Inc., 1264 St. 
Milwaukee 1, Wis. 
Driver Co., Wilbur B., 1875 
Highway, Newark 4, N. J 
General Electric Co., Apparatus 
Div., Schenectady 5, N. Y¥ 
Master Appliance Mfg. Co., Racine 2. Wir 
Still-Man Manufacturing Corp., 2 
E. 164th, New York 56, N Y 
Syntron Co., Homer City, Pa 
Vulcan Electric Co., Danvers 2, 
Watlew Electric Mfg. Co 
Ave., St. Louis 14, Mo 
Westinghouse Bilectric Corp., 
Center, Bldg. No. 3, 401 
Pittsburgh 30, Pa 
Wiegand Co., Edwin L 
Blvd., Pittsburgh 3, Pa 


and UNITS 
2777 Mannheim 
Paul Ave., 
McCarter 


Sales 


Mase 
1362 Ferguson 


Gateway 
Liberty Ave., 


7530 Thomas 
HEAT LIMITERS 
Bussman Mfg. D 

s Louis 7, Moa 


HERMETIC SEALS. See Seals and Ter 
minals, Hermetic 


McGraw- Edisor 


HIGH-FREQUENCY 


Allis-Chalmers, Milwaukee 1, Wis 

General Slectric Uo Apparatus 
Div., Schenectady 5. N. Y 

Radio Receptor Co I 
Div 2409 Wythe Ave., 
N Y 

Westinghouse Electric Corp., 
Center, Bldg No. 3, 401 
Pittsburgh 22, Pa 


HEATING UNITS 
Sales 


Semiconductor 
Brooklyn 11, 


Gateway 
Liberty Ave., 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys. 


HOLDERS 
Midwest Moldi 
Ih 


COMMUTATOR BRUSH 
ling & Mfg. Co., Gurnee 96 
Mycalex Carp of America, Clifton Blvd., 

ifton, N (Glass-Bonded Mica) 
Phoenix "Blactr Mfg. Co., 4211 W. Lake 


< ago 24, IL 


IMMERSON HEATER UNITS, See Heat 
ing Elements and Units 
IMPACT EXTRUSIONS, 


Hunter-Dou glas 
EM-3, B 


ALUMINUM 


Aluminum Corp., Dept 
ralde, Calif. 


IMPREGNATING COMPOUNDS. See Ce- 
ment Insulating and Sealing; Waxes 
and Compounds 


INDICATORS, HEAT. See Thermometers 
INDICATORS, SPEED. See Tachometets 


INDUCTION HEATING. See High-Fre- 

quency Heating Units 
INFRA-RED LAMPS. See Lamps, Incan 
descent and Infra-red 


INSTRUMENTS, ELECTRICAL MEAS- 
URING AND TESTING 


Acme Electric Corp., Cubs, N. Y 

Aerovox Corp., New Bedford, Mass 

Assembly Products, In Chesterland 14 
Onio 

Associated Research, Ine., 
Chicago 18 Ill 

Automat Timing & Controls, Inc Su 

Safety Industr Inc., King 

Prussia 6, Pa 

Bristol Co., Waterbury 29, 

Chatillon & Sens, Jehn, 
York 38, N. ¥ 

Daven Co., 536 W. Mt. Pleasant Ave 
Route 19 Livingston, N. J. 

Hiectro Preducts Laberatories, Inc., 450) 
N. Ravenswood Ave., Chicago 40, Ill. 

Federal Telephone and Radie Ce., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Cliften, N. J 

General Electric Co., Apparatus Sales 
Div Schenectady 5. N. ¥ 

H sot Cor ~ Beckman Instru 
ments, Inc., Newport Beach, Calif 

Holub Industries, Inc., 445 Elm, Syca- 
more, Ill 

Ideal Industries, Inc., 
Sycamore, Ill 

Industrial Instruments Inc., 88 Com 
merce Rd., Cedar Grove, Essex County, 
N J 

Industrial Test Equipment Co., 
New York 3, N. ¥ 

Moseley Co., F. L., 409 N. 
Pasadena, Calif 

National Pneumatic Ce., Inc., 
Cabet Div., 125 Amory, 
Mass 

Precision Apparatus Co., Inc., 
Glendale 27, L. L, N. Y 

Radio Corp. of America, Dept. 
15-1, Camden, N. J 

Sensitive Research Instrument Corp., 310 
Main, New Rochelle, N. Y 

Simpson Electric Co., 52306 W. McKinzie 
Chicago 44, TIL 


3794 Belmont, 


Cons 
85 Cif, New 


1008 Park Ave., 


55 E. 11th 
Fair Oaks Ave. 


Holtzer 
Boston 18, 


70-31 84th 
0-44, Bldg 
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CONVENTIONAL 
ENAMEL 
Class A 


FORMVAR 
Class A 


FORMEZE 
Class A 


ENAMEL ‘‘G”’ 
Class A 
(unofficially 
Class E) 


AUGUST 1957 


GENERAL CABLE 


ENAMEL and 
MAGNET WIRES 


FILM 


An oleo-resinous enamel which 
has high dielectric strength, good 
adhesion and flexibility, and low 
cost. 


A polyvinyl acetal resin which has 
superior adhesion, abrasion re- 
sistance, flexibility, and outstand- 
ing toughness. 


HERMETIC 
FORMVAR 
Class A 


A Formvar base with a thermo- 
plastic cement overcoat which can 
be readily bonded by heat or 
solvent. Especially suitable for 
coils of special shape. 


LECTON* 
Class A 
(unofficially 
Class E) 


A polyurethane-base synthetic 
enamel. Its excellent solderability 
at relatively low temperatures, 
exceptional moisture resistance, 
and outstanding dielectric prop- 
erties make it ideal for electronic 
and communication applications. 


ISONEL 
Class B 


INSULATIONS 


Nylon is comparable to Formvar 
except that the dielectric proper- 
ties are affected by moisture. In 
addition, it solders readily and 
has superior winding qualities in 
some applications. 


A special Formvar film having ex- 
cellent resistance to Freon. 


An acrylic polymer having opti- 
mum resistance to Freon. 


A polyester-base synthetic enamel 
suitable for Class B (130 C) insula- 
tion systems. Its handling proper- 
ties are comparable to those of 
Formvar except for somewhat 
greater sensitivity to heat shock. 


TEXTILE and PAPER INSULATIONS 


PAPER 

Class O (dry) 
Class A (in oil 
or impregnated) 


A special rope paper tape in- 
sulation. 


COTTON 

Class O (dry) 
Class A (in oil 
or impregnated) 


Combed cotton yarn insulation. 


SILK, NYLON 
(YARN), RAYON 
Class O (dry) 
Class A (in oil 

or impregnated) 


Natural or synthetic textile in- 
sulation. 


GLASS (FIBER) 
Class B (with 
conventional 
varnish) Class H 
(with silicone 
varnish) 


Electrical-grade glass yarn 
bonded with varnish 


Combination of Dacron (polyester)—glass yarn, bonded with varnish. Dacron yarn im- 


DACRON* GLASS 
(FIBER) + 


resistance. 


Class H with silicone varnish) 


proves the adhesion of the insulation to the copper and provides greater abrasion 


+Classification not yet definitely established (Probably Class B with conventional varnish; possibly 


COMBINATION FILM and TEXTILE or PAPER INSULATIONS—Any of the enamel films may 


be combined with any of the textile or paper insulations to meet special requirements. 


IT’S NEW! 


6” Plastic Non-returnable Spools. 


for quality and service...specify GENERAL 


Circle 354 on page 17 


*The terms “Lecton,” 


"Dacron,” are registered 


trade-marks of E. |. Dupont de Nemours & C 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, New York 
Offices and Distributing Centers Coast-to-Coast 


= 


“CABLE 


335 





Our sales 
engineers 
wa dole 
with you in 
developing 
special- 
purpose 
screws and 
bolts to 
meet your 
requirements. 
ao 


tata Se 


fat 


N 


Oe 


| 


NATIONAL LOCK ~ 


COMPANY 
Rockford, Illinois 


Fastener Division 


Circle 355 on page 17 


Texas instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

Triplett Electrical Instrument Co.. Bluff- 
ton, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford. Ill. 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic 


Automatic Timing & Controls, Inc., Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa 

Berkeley Div. of Beckman Instruments 
Inc., 2200 Wright Ave., Richmond 3, 
Calif. 

Bristol Co., Waterbury 20, Conn 

Brush Electronics Co., Div. of Clevite 
Corp., 3405 Perkins Ave., Cleveland 14, 
Ohio 

Burroughs Corp., Electronic Instruments 
Div., Dept. F, 1209 Vine, Philadelphia 
7, Pa. 

D & R Ltd, 406 E. Gutierrez, P. O. Box 
1500, Santa Barbara, Calif 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N 

Du Mont Laboratories Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Industrial Test Equipment Co., 55 E. 11th 
New York 3, N. Y. 

Librascope, Inc., 808 Western Ave., Glen- 
dale 1, Calif 

Magnetic Amplifiers, Inc., 632 Tinton 
Ave., New York 55, N. Y. 

Radio Corp. of America, Dept. 0-44, 
Bldg. 15-1, Camden, N. J 

Sanborn Co., Industrial Div., 175 Wyman, 
Waltham 54, Mass 

Simpson Electric Co., 5200 W. McKinzie, 
Chicago 44, Ill. 

Triplett Electrical Instrument Co., Bluffton 
Ohio. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 


5 


sen Ave., Newark 5, N. J. 


INSTRUMENTS, LABORATORY 
STANDARD 


Acme Electric Corp., Cuba, N. Y. 

Automatic Timing & Controls, Inc., Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa 

Bristol Co., Waterbury 20, Conn. 

Clarostat Mfg. Co., Inc., Dover, N. H 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, III. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N.Y. 

Moseley Co., F. L., 409 N. Fair Oaks 
Ave., Pasadena, Calif 

Radio Frequency Laboratories, Inc., Boon- 
ton, N. J. 

Scott, H. H., Dept. EM-5, 385 Putnam 
Ave., Cambridge, Mass. 

Sensitive Research Instrument Corp., New 
Rochelle, N. Y. 

Triplett Electrical Instrument Co., Bluff- 
ton, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Il. 


INSULATING MATERIALS. See follow- 
ing specific headings: 


Cement, Insulating and Sealing 

Ceramics 

Cork and Cork Compositions 

Fabrics, Insulating 

Felt 

Fibre, Vulcanized 

Glass-Bonded Mica 

Insulation, Wire and Cable 

Mica, Molded and Laminated 

Paper, Insulating 

Plastics, Molding, Laminating, Casting 
and Extrusion Compounds 

Plastics, Sheets, Rods and Tubes 

Rubber and Rubber Products 

Silicones 

Sleeving and Tape, Asbestos 

Tape and Sheeting, Synthetic Resin 

Tape, Friction and Splice 

Tubing and Sleeving, Braided Fabric 

Tubing and Sleeving. Extruded Plastic 

Tubing, Paper 

Varnishes, Compounds and Resins, In- 
sulating 

Waxes and Compounds 


INSULATION, WIRE and CABLE 
(Ceramie and Synthetic) 


American Lava Corp., Chattanooga 5, 
Tenn 

Dow Corning Corp., Midland, Mich. 

du Pont de Nemours & Co., (Inc.), E. I. 
Plastics Div., Polychemicals Dept. 
Wilmington 98, Del. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Goodrich Chemical Co., B. F., 3135 Euclid 
Ave., Cleveland 15, Ohio 

Oronite Chemical Co., 206 Bush, San 
Francisco 4, Calif. 

Sprague Electric Co., 307 Marsnall, North 
Adams. Mass. 


IRONS, SOLDERING. See Soidering 
Equipment. 


ISOLATORS, VIBRATION and sHOCK 
See Mountings, Rubber and Syntnetic 


JEWEL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator. 


KNOBS, CAPS and HANDLES, MOLDED 


Sie Gow Co., 210 E. 6th, Dayton 2, 
e 
Kurz-Kasch, Inc., 1419 8. Broadway, Day- 
ton 1, Ohio 
— Molding & Mfg. Co., Gurnee 96, 
Richardson Co., 2799 Lake, Melrose Park 
l 


Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Il. 


LACQUERS, ENAMELS, PAINTS and 
VARNISHES, FINISHING 


Allied Research Products, Inc., 4004-06 
E. Monument, Baltimore 5, Md. 

Aluminum Co. of America, Aicoa Bidg., 
Pittsburgh 19, Pa. 

Dow Corning Corp., Midland, Mich. 
(Silicone Resins and Varnishes) 

du Pont de Nemours & Co., (Inc.), E. I. 
Finishes Dept., Wilmington 98, Del. 

Sherwin-Williams Co., General Industrial 
Div., Cleveland 1, Ohio 


LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 


oie & Co., Inc., 113 Astor, Newark 5, 

Brainin Co., C. 8., 320 Washington, Mt. 
Vernon, N. Y 

General Plate Div., Metals and Controls 
Corp., 1908 Forest, Attleboro, Mass. 

Handy & Harman, 82 Fulton, New York 
38, N. Y. 

Wilson Co., H. A., Route 22, Union, N. J 


LAMINATED PLASTICS. See Plastics 


LAMINATIONS, MOTOR and 
TRANSFORMER 


Magnetics, Inc., Box 391, Butler, Pa. 
Thomas & Skinner Inc., 1114 E. 23rd 
Indianapolis 7, Ind. 


LAMPS, FLUORESCENT 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No, 8, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, INCANDESCENT and 
INFRA-RED 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Wlectric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


LAMPS, MERCURY VAPOR 


Genera] Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric o-. Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, MINIATURE (Pilet and indi- 
cator) 


General Electric Co., Miniature Lamp 
Dept., Nela Park, Cleveland 12, Ohio 

Westinghouse CElectric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


LAVA. See Ceramics. 


LAYOUT FLUID 
om Co., 2303F N. 11th, St. Louls 6, 


LENSES, PRESSED GLASS 


Corning Glass Works, Technica] Products 
Div., Corning, N. Y. 
Kopp Glass, Inc., Swissvale, Pa. 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Van- 
irene and Easton Aves., St. Louis 13, 
0. 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Cannon Electric Co., Dept. 500, 38209 
Humboldt, Los Angeles 31, Calif. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

7 Corp., 44 Stewart Ave., Brooklyn 

; a. oe 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill. 

General Electric Co., Miniature Lamp 
Dept., Nela Park, Cleveland 12, Ohio 

Hart Manufacturing Co., 211 Bartholomew 
4ve., Hartford 1, Conn. 

Hetherington Inc., 1200 Elmwood Ave., 
Sharon Hill, Pa. 

Johnson Co., E. F., 2331 Second Ave., 
S.W., Waseca, Minn. 

Pass & Seymour, Inc., Solvay Station, 
Syracuse 9, N. Y. 

Pyle-National Co., 1388 N, Kostner Ave., 
Chicago 51, Ill. 

Square D Co., 4041 N. Richards, Mil- 
waukee 12, Wis. 


LOCKNUTS and LOCK WASHERS. 
See Fasteners. 


LUBRICANTS 


Fluidwick Co., 5319 East Outer Dr., De- 
troit 34, Mich. 
en Co., 50 W. 50th, New York 20, 
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at last 


FULL 42-INCH PRINTMAKING IN A CONVENIENT 


Table Model 


Now, TABLE MODEL convenience, LOW COST and 
FULL WIDTH are combined in one whiteprinter— 
the new Ozalid Streamliner 200! 

Now, anyone can turn out sparkling whiteprints 
in seconds—up to 42 inches in width! In the small 
office, the new Streamliner 200 gives you prints 
whenever you need them. For the large firm, it 
handles “rush work”. . . saves costly interruptions of 
volume printmaking... stands by when other 


A Division of General Aniline & Film Corporation 
in Canada: Hughes Owens Company, Ltd., Montreal 


machines are “down” for service. 

Compact in design, Streamliner 200 stands just 
22” high . . . 38” deep, with feedboard. Prints stack 
automatically. Controls are simple, easy to operate. 
Stand, shown above, is optional. 

Why not test-run your own tracings through the 
Streamliner 200? Call your local Ozalid representa- 
tive or write: Ozalid, Department DD-8, Johnson 
City, New York. 


OZALID' 


First name in whiteprinting 





Circle 356 on page 17 





Zenith Automatic Transfer Switches assure full 
protection against any failure of regular voltage. 
Transfer to emergency power in a fraction of a 
second is automatic at 70% of line voltage. 
Regular power is restored at 90% of line voltage. 
4, Simple design . . . sturdy construction 
. . . switches lock mechanically through 
trouble-free toggle action . . . no springs, 

latches or delicate mechanisms. 
Available electrically or mechanically 

\ held, 30 to 400 amps. 


’ Send for free catalog oncomplete Zenith line. 


152 WEST WALTON STREET . CHICAGO 10, ILLINOIS 
Circle 357 on page 17 


SPECIFY STA-KON 


SELF-INSULATED TERMINALS! 


Take advantage of 
e lowest installed cost 
® pressure-connector permanence 
e self-insulated safety 


This complete line of self-insulated Sta-kon terminals gives 
you positive assurance against accidental contact by adja- 
cent terminals. Easier-than-ever to install, they provide 
highly conductive joints ... large contact areas ... tough, 
stable Nylon insulation ... anda permanent, vise-like grip 
on the conductor. Color-coded by size for instant identifica- 
tion. Three sizes of terminals will accommodate #22 through 
+10 AWG sizes. Available in ring and fork tongues, as well 
as special styles. Write for our NEW Bulletin 82, showing 
the complete line of Sta-kon terminals, connectors and 
installing tools. 


THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 


THOMAS & BETTS LTD., Montreal, P. Q., Canada 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 


ENGINEERED 


338 Circle 358 on page 17 


LUBRICATORS, OIL and GREASE 

Fluidwick Co., 5319 East Outer Dr., De- 
troit 34, Mich. 

Gits Bros. Mfg. Co. 
Ave., Chicago 23, Ill 

Madison-Kipp Corp., 201 Waubesa, Madi 
son 4, Wis. 


1846 S. Kilbourn 


LUGS and TERMINALS 


AMP Incorporated, 2100 Paxton, 
burg, Pa 

American Brass Co., Waterbury 20, Conn. 

Buchanan Electrical Products Corp., 225 
Route 22, Hillside, N, J 
Burndy Corp., Omaton Div., 
Conn. 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Hart Manufacturing €o., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

liseo Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Johnson Co., E. F., 2331 
S.W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill. 

Krueger & Hudepohl, Cin- 

4021 


Harris- 


Norwalk, 


Second Ave.. 


1043 Evans, 
cinnati 4, Ohio 
Malco Tool and Manufacturing Co., 
W. Lake, Chicago 24, IIL. 
Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 
Penn-Union Electric Corp., 
Rajah ‘o., 35 
N. J. 
Sealectro Corp., 610 Fayette Ave., Mama- 
roneck, N. Y,. 

Shakeproof Div. of Illinois Tool 
St. Charles Rd., Elgin, Il 
Sherman Manufacturing Co., H. B., Bat- 
28 Butler, 


Erie, Pa. 
Verona Ave., Newark 4, 


Works, 


tle Creek, Mich. 
Thomas & Betts Co. Inc., 
Elizabeth 1, N. J 
Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 514 N. Dear- 
born, Chicago 10, Ill, 


MACHINES. 


Balancing 


See specific headings: 

Coil Winding; Molding, 
Plastic; Print Rivet Setting; Slot 
Vegging, Armature; Strippers, Wire: 
Vibration Test, 


MAGNETIC AMPLIFIERS 


Airpax Products Co., Middle River, Balti- 
more 20, Md. 

Berkeley Div. of Beckman 
Inc., 2200 Wright Ave., 
Calif. 

Control, Box 391, 

Eseco Works, Delta-Star Div.. H. K. 
Porter Co., Inc., Leckpert, Ill 

General Electric Co., Apparatus 
Div., Schenectady 5, N ‘ 

Kearfott Co., Ine., 1378 Main Ave., 
Clifton, N 

Magnetic Amplifiers 
Ave., New York 55, 

Vickers Electric Div., 
Locust, St. Louis 3, Mo 

Westinghouse Wlectric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 


Instruments, 
Richmond 3, 


Butler, Pa. 


Sales 


Inc., 632 
ee, 
Vickers Inc., 


Tinton 


1803 


MAGNETIC BRAKES. See Brakes. Mag- 
netic. 


MAGNETIC MATERIALS. See Steel Elec- 
trical; Magnets, Permanent; Magnetic 
Recorder Components; Powdered Metal 
Products. 


MAGNETIC RECORDER COMPONENTS 

Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, N. J 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. (Tape) 

Stromberg-Carlson, A Div. of 
Dynamics Corp., 117 Carlson 
Rochester 3, N. Y¥ 


General 
Rd., 


MAGNETIC RECORDERS 
Ampex Corp Ins 
C-5, 934 Charter, 


rumentation Div., Dept 
Redwood City, Calif. 


MAGNETIZERS and DEMAGNETIZERS 


Radio Frequency Laboratories, Inc., 
Beonton, N. J. 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, III. 

Crucible Steel Co. of America, Chamber of 
Commerce Bidg., Pittsburgh 19, Pa. 

General Electric Ce., Metallurgical Prod- 
ucts Dept., 11131 E. 8 Mile Ave., De- 
troit 32, Mich 

Indiana Steel Products Co., 
Ind 

Thomas & Skinner Inc., 1114 E. 
Indianapolis 7, Ind. 


Valpariso, 
23rd, 


MAGNET WIRE. See Wire, Magnet. 


MARKERS, IDENTIFICATION 
Brand & ¢ In William, Willimantic 1, 


Com 
National Band & Tag Co., Dept. 9-254 
Newport Ky 
Natvar Corp., 207 Wood- 
bridge, N. J 
Park Nameplate Co., Inc., 
Pi Flushing 54, N.Y 
Westline Products, Div 
graph Co., 602 E. 
o4, Calif, 


Randolph Ave., 


34-10 Linden 


of Western Litho- 
2nd, Los Angeles 


MARKING MACHIN®@S and DEVICES 
(For marking Wire, Foil, Plates, ete) 
Kingsley Stamping Machine Co., 850 
Cahuenga Bilvd., Hollywood 38, Calif. 


” Metallizing 


MATERIALS HANDLING EQUIPMENT 


Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del 

National Vulcanized Fibre Co., Wilming- 
ton 99, el 

Robbins & Myers, Inc., Crane & Hoist 
Div Springfleld Ohio 

Spaulding Fibre Co Ine., 
N.Y. 


Tonawanda, 


MERCURY RELAYS. See Relays 


MERCURY SWITCHES. See Switches. 


METALLIZING EQUIPMENT 


Engineering Co., Inc., 
Prospect Ave., Westbury, L. L., 


METALS, LAMINATED 
Metals, Precious and 


See La 
Base. 


See Gold; Lami- 


Silver 


METALS, PRECIOUS 
nated Metals; Platinum; 


METALS, PRE-PLATED. See Pre-Plated 
Metals. 

Fansteel Meta 
cage l 

Mallory & Co, Inc, P. R., 
6, Ind 

Wilson Co., EH. A 


rgical Corp., North Chi- 


Indianapolis 


Route 22, Union, N. J 


METERS, HOUR 

Haydon Mfg. Co., Inc 
rington, Con 

Hobbs Corp., John W Div. of Stewart- 
Warner Corp., 2073 Yale Bivd., Spring- 
field, I! 

Industria 
Highway, 


2527 Elm, Tor- 


Timer Corp., 1411 McCarter 
Newark 4, N. J. 


Glass- 


MICA, GLASS-BONDED. See 
Bonded Mica. 


MICA, MOLOED and LAMINATED 
(Sheets, Plate. Tape, Tubes, Rings, 
Segments, Washers, ete.) 


Brand & Co., Inc., William, Willimantic, 
3, € r 

Continental-Diamond Fibre, & Sub. of 
The Budd Co Newark 13, Del 

Ford Radio & Mica Corp., 536-540 @3rd, 
Brooklyr N Y 

General Electric Co., Laminated Products 
Dept., Coshoctoa, Ohio 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Jil. 

Macallen Co.. Bay Rd., Newmarket, N. H 

Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Schenec- 
tady 1 N Y 

New England Mica Co.. Inc., 
Ave., Waltham 54, Mass. 


MICA UNDERCUTTERS 
Ideal Industries, Inc., 1008 Park Are., 
Sycamore, I 


MICROPHONES 


American Microphone, Electronics Div., 
Elgin National Watch Co., 370 8. Fair 
Oaks Ave Pasadena, Calif. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Inc., Newark 18, Del 

General Electric Co., Apparatus 
Div Schenectady 1, N. Y 

Mica Insulator Co., Schenectady 1, N. ¥ 


66 Woerd 


Sales 


MICROSCOPES 
Bausch & Laon 
Pau tox N. ¥ 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plase- 
tics; Rubber 


MOLDING MACHINES, PLASTIC 
Newbury Industries, Inc., Box 181, New- 
bury Ohie 


Optical Co., 84717 St 


MOLYBDENUM—(Sheet and Wire) 
See also Contacts 

Fansteel Metallurgica! Corp., 
cago. I 

Mallory & Co., Inc., P. 
6, Ind 


North Chi- 
R., Indianapolis 


MOTOR BASES, ADJUSTABLE 

Allis-Chalmers Milwaukee 1, Wis. 

Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44, Ill. 


MOTOR CONTROLS and STARTERS 

See Controllers, Metor; Push Button 
Stations. 

MOTOR GENERATOR SETS 


Eseco Works, Delta Star Div., H. K 
Porter Co., Inc., Lockport, Ill 

Kato Eng 128 Maxfield Ave., 
Mankat 

Leach Corp 4441 8. 
Savta Fe Ave., Los Calif. 


et-Palmer Div., 
Angeles 58, 


MOTORS and GENERATORS. See Moters 


Table on page 340 
MOUNTINGS, RUBBER and 
SYNTHETIC 


Johns-Mansville, 
7800 


Dutch Brand Products, 
Woodlawn Ave., Chicage 19, Il) 


MOVEMENTS, CLOCK and TIMING 


Haydon Co A. W 234 North Elm, 
Waterbury 209. Conn 
Hayden Mfg. Co., Inc., 2527 

ringtor Cenn 


Elm, Tor- 


NAME and INSTRUCTION PLATES 


Croname, Inc 769 Grace, Chicage 13, 
ill 
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TIONAL BRUSHES HELP SOLVE 


TRADE-MARK 


AUTOMATION’S BIGGEST PROBLEM: 


a en ie stable , oS | ECE 7 ; =e 


| Compact motor-generator unit combines 
A-C savings with D-C pin-point control 


Why these | IRal jarionac brush grades are best for automation: 


SA-45 SA-35 N-4 


® Superior commutating ability over a See your “National’” Brush Man when you’re 
wide speed range 


® Brush uniformity assures consistent 
machine performance . 

® Superior brush operation reduces expensive and backing to help you assure continuous 
down-time and equipment maintenance good performance. 


selecting carbon brushes. He has a brush 
for every need, plus the experience 


UNION 


, CARBIDE 
The terms National’, “Union Carbide” and the Silver Colored Cable Strand are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY ~- Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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Terminal breakdown 
problems solved 

on airborne radar 
transformers... 


HIGH-TEMPERATURE, HIGH-VOLTAGE 


TERMINALS 


Today’s aircraft fly at faster speeds and 
higher altitudes, causing components to 
undergo extreme temperature change and 
mechanical shock. In addition, high braz- 
ing temperatures weaken glass type seals, 
resulting in a high reject rate. Installation 
of ADVAC alumina sealed terminals solved 
the problems completely. These super- 
strength terminals are immune to thermal 
shock, offer highest mechanical strength 
and are adaptable for brazing, welding and 
soft soldering. Maximum operating voltage 
is 6500 V. 


See eee eRe eR Re ee Re Eee eee Meee eee eee eee 


Complete information and catalog available 
on request. Please address inquiries to 
Department MF. 


ADVAC Terminals are Products of — 


ADVANCED 


VACUUM 
PRODUCTS - INC 


430 Fairfield Avenue, Stamford, Connecticut 
Telephone: DAvis 4-2148 


A DIVISION OF GENERAL CERAMICS CORPORATION 


Circle No. 360 on page 17 





MOTORS 


Miniature Timing Motors, Geared 
Subfraction, Under 1/20 Hp. 
Fractional, 1/20, % Hp. 

Integral, 1 to 744 Hp. 


Integral, Over 744 Hp. 


Gearmotors 


Generators 


Low Voltages (Under 110) 


Allis-Chalmers, Milwaukee 1, Wis. (KL- 
NOQRUVYZ) 

Allis Co., The Louis, Milwaukee 7, Wis. 
(KLNOQRUVYZ) 

Baldor Electric Co., 4853 Duncan Ave., 
St. Louis 10, Mo. (FGKLN) 

Barber-Colman Co, Dept T, 1203 Rock, 
Rockford, Il. (BCEYZ) 

Bodine Electric Co., 2256 W. Ohio, Chi- 
cago 12, Ill, (ABCDEFGHIJQRTYZ&) 

Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis. (BCDE) 

Bristol Motor Div., Vocaline Co. of Amer- 


ica, Inc., 108 Coulter, Old Saybrook, 
Conn. (A) 


Century Electric Co., 1806 Pine, St. Louis 
8, Mo, (FGKLNOPQRUVWYZ) 

Controls Corp. of America, 9551 Soreng 
Ave., Schiller Park, Ill. (F) 

Cramer Controls Corp., Box 8, Center- 
brook, Conn. (A) 

Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Ce., Som- 
erville, N. J. (BCFHKNV) (Servo) 

Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg, Wis. (FGKL) 

Eastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H. (ABEFIQTU) 
(Servo) 

Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth, Kenosha, Wis. (FKN) 

Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J. (Servo) 

Electra Motors, Inc., 1110 N. Lemon Rd., 
Anaheim, Calif. 

Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGJKLMNOPUVWYZ) 
Emerson Electric Mfg. Co., St. Louis 21, 

Mo. (FGJKLMQR) 

Fasco Industries, Inc., Rochester 2, N. Y. 
(BCDFGHYZ&) 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. ° 
(BCDEFGHJIKLMNOPQRSTUVWYZ&) 

General Industries Co., Dept. GL, Elyria, 
Ohio (BQYZ) 

wa Industries, Inc., Dayton 4, Ohio 
(BC) 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20, Conn. (CXZ) 

Haydon Mfg. Co., Inc., 2527 Elm, Tor- 
rington, Conn. (ABCXYZ) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCDFZ) 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., Newport Beach, Calif. 
(Servo) 

Holtzer-Cabot Motor Div., National Pneu- 
matic Co., Inc., 125 Amory, Boston 19, 
Mass. (ABCEFGHIJQUVYZ) 


NAME and INSTRUCTION PLATES 
(Cont.) 


Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tedy 1. N. Y 

Park Nameplate Co., Inc., 34-10 Linden 
Pl., Flushing 54, N.Y, 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 
(Cupro- Nickel) 

Carpenter Steel Co., 115 W. Bern, Read- 
ing, Pa S-BNT) 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Driver ©“o. Wilbur B., 1875 McCarter 
Highway, Newark 4, N, J. 

Driver-Harris Co., Harrison, N. J 

Elgin National Watch Co., Micronics Div., 
Elgin, Ill. (Cobalt Nickel) 

General Plate Div., Metals and Controls 
Corp., 1908 Forest Attleboro, Mass 

International Nickel Co., Inc., 67 Wall, 
New York 5, N. Y 

Penn Precision Products, Inc., 501 Cres- 
cent Ave., Reading, Pa. (Strip) 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 

American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (Strip) 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc Riverside, N J. 

Seymour Manufacturing Co., Seymour, 
Conn 


NON-MAGNETIC IRON and STEEL 
See Steel, Stainless 


NUTS. See Fasteners. 


OHMETERS. See Instruments. 


OILERS. See Lubricators, Oil and Grease. 
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Howard Industries, Inc., 1760 State, 
Racine, Wis. (ABCDEFGHQRTUV YZ) 

Howell Electric Motors Co., Howell, Mich. 
(FGKLMNOPQRT) 

Jack & Heintz, Inc., 17620 Broadway. 
Cleveland 1, Ohio (FK) 

Janette Electric Mfg. Co., Morton Grove, 
Il. (FGKLQRUV) 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J. (Servo) (UY) 

Lamb Electric Co., Kent, Ohio (BCDEF 
GHJQRSZ) 

Leland Electric Co., Div. of American 
Machine and Foundry Co., Dayton 1, 
Ohio (FGKLNOUV) 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. (FGKLNOUV) 

Master Appliance Mfg. Co., Racine 2, 
Wis. (CDGH) 

Master Electric Co., Dayton 1, Ohio 
(FGJIKLMNOPQRTUVW) 

Motoresearch Co., 1600 Junction Ave., Ba- 
cine, Wis. (BQY) 

Oster Manufacturing Co., John, Avionie 
Div., Racine, Wis. (BCFGHUVY&) 
(Servo and Synchro) 

Portable Electric Tools, Inc., 328 W. 83rd, 
Chicago 20, IIL. (GHL) 

Rae Motor Corp., 2009 Kewanee, Racine, 
Wis. (BCDFGHYZ&) 

Reliance Electric & Engineering Co. 24701 
Buclid Ave., Cleveland 17, Ohio 
(FGKLNOV) 

Reuland Electric Co., Alhambra, Calif. 
(KNQ) 

Robbins & Myers, Inc., Motor Div., 
Springfield, Ohio (BCDEFGJKNU) 

Bobertshaw-Fulton Controls Co., 

Div., Columbus 16, Ohio (B) 

Scruggs Co., Loyd, Festus, Mo. (BCD 
YZ&) 

Bervomechanisms Inc., Mechatrol Div., 
17 Brooklyn Ave., Westbury, L. L., 
N. Y. (Servo) 

Smith Corp., A. O., Electrie Motor Div., 
Tipp City, Ohio (FKN) (Servo) 

Sterling Electric Motors, Inc., 5401 Tele- 
graph Rd., Los Angeles 22, Calif. 
(FENQ) 

Button Corp., O. A., Wichita, Kan. (BF) 

Ther Electric & Machine Works, 11A 8. 
Jefferson, Chicago 6, Ill. 

Transicoil Corp., Worcester, Montgomery 
County, Pa. (Servo) 

Westinghouse Electric Corp., Gateway 
Center Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. (BCDEFGHJKLM- 
NOPQRSZ&) 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. (FGEKLNYZ) 


OSCILLATORS. See Instruments. 


OSCILLOSCOPES. See also Instruments. 
Electronic; Recorders, Oscillographic. 


DuMont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Hughes Products, Electron Tube, Div. of 
Hughes Aircraft Co., International Air- 
port Sta., Los Angeles 45, Calif. 

RCA Electron Tube Div., Radio Corp. 
of America, Harrison, N. J. 

Simpson Electric Co., 5200 W. McKinzie, 
Chicago 44, Ill 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


PACKAGING. See Boxes and Crates; 
Containers, Packaging and Shipping. 


PACKINGS. See Gaskets. 


PAINTS. See Lacquers, Enamels, Paints 
and Varnishes, Finishing. 


PALLADIUM. See Platinum and Pilat- 
inum Products 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Bristol Co., Waterbury 20, Conn. 

Clark Controller Co., 1146 E. 152nd, 
Cleveland 10, Ohio 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

mage Signal Corp., 202 20th, Moline 1, 
iL, 

Eseco Works, Delta-Star Electrie Div., 
H. K. Porter Co., Inc., Lockport, Ill. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Heinemann apes Co., 99 Plum, Tren- 
ton 2, N. J. 
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The ordinary fasteners securing the worm wheel to the drum shaft in this automatic screw machine loosened, 


causing $120 worth of damage to parts. Labor for the repair job cost $100. The ordinary fasteners were replaced 
with self-locking UNBRAKOs, and there has been no trouble since. 


Vibration won't loosen 
self-locking UNBRAKO socket cap screws 


>a 


UNBRAKO socket screws with the Nylok* self-locking device 
eliminate fastener problems caused by vibration. 


Take the drive system in the automatic screw machine illus- 
trated above, for example. The screws originally used to 
secure the worm wheel to the drum shaft loosened, causing 
considerable damage, besides loss of production time. These 
have now been replaced with self-locking UNBRAKO socket 
head cap screws and the trouble has been eliminated. 


An UNBRAKO socket screw with the Nylok self-locking device 
is a single unit. Just screw it into any tapped hole. Seated or 
not, it locks positively wherever wrenching stops. Constant 
vibration or endless running of a machine won't affect these 
self-locking UNBRAKOs. The screws will not work loose! 


Write today for your copy of Form 2193, which gives catalog 
and technical data on the complete line of UNBRAKO socket 
screws with the Nylok self-locking device. Or see your local 
industrial distributor. Unbrako Socket Screw Division, 


STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 
See us at the WESCON Show, Booth 3213 


a STANDARD PRESSED STEEL CO 
UNBRAKO socket screw vivision 
acts I . s — 
HOW IT LOCKS. The tough, resilient Nylok locking pellet keys 
itself into the mating threads. It forces threads together and 


locks the screw securely—whether or not the screw is seated. *T.M. Reg. U.S. Pat. Off., The Nylok Corporatior JENKINTOWN PENNSYLVANIA 
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precision snap-acting switch | .. 
® Rod-lever actuator provides extremely light 
operate-force in small space. 


® Actuators furnished with or without switches. 
® Rating: 2' amps 30 v d-c, inductive; 4 amps 
30 v d-c, resistive: 5 amps 125/250 v a-c. 


USML Type USMW 
leaf-actuator roller-actuator 


for single or gang mounting _ 


aa 


= 


a oy 


Type USMJ-1 Type USMB-1 
plunger-actuator toggle-actuator 
for singie-hole panei mounting 


Type USM Unimax switches are available to meet 
commercial standards or Military Specs MIL-S-6743. 
FREE DATA SHEET on Unimax Type USM sub- 
miniature switches and actuators mailed on request. 


UNIMAX SWITCH 


ese oan: eae ei 


6 ICE ei 


TTT ROAD, woven atte Per rerrateatt: 
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HERMASEAL . .. cto mett sate 


—Hermaseal 


CALL US ON 
AND SPECIAI 


STANDARD 
TERMINALS. 


Hermaseal OCTAL Plug * 


—Hermaseal 


A successful pioneer since 
1943 in glass-to-metal seals, 
compression (cold rolled 
steel) and matched (Kovar), 
to meet your needs. 


Hermaseal NOVAL 


Header and e 
Bracket Assembly 


——Hermaseal 


with its expert engineer- 
ing staff and the latest in pro- 
duction equipment is ready 
to serve you. : 


Hermaseal 10 Kilovolt TERMINAL - 


For further information, 
phone 2-3773 or write: 


THE HERMASEAL COMPANY, 


1010 N. Main, Elkhart, Indiana 


Circle 363 on page 17 


Square D Co., 4041 N. Richards, Mil- 
waukee 12, Wis. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 38, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


PANELS, DIAL. See Dials and Panels. 


PANELS, SHEET STEEL. See Sheet 
Metal Fabricators. 


PAPER, INDUSTRIAL 


Cottrell Paper Co., Inc., 88 Purchase, 
Fall River 1, Mass 

Hollingsworth & Vose Co., East Walpole, 
Mass 

Mosinee Paper Mills Co., Dept. EM, 
Mosinee, Wis 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y. 


PAPER, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del 
Cottrell Paper Co., Inc., 88 Purchase, 

Fall River 1, Mass. 
Dennison Manufacturing Co., 300 Howard, 
Framingham, Mass 
General Electric Co., 
Decatur, Ill 

Hollingsworth & Vose Ce., 
Mass 

Insulation Manufacturers Corp., 
Washington Blvd., Chicago 6, Il 
Irvington Div Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J 

Johns-Mansville, 
N Y 

Mica Insulator Co.. A Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y. 

Mosinee Paper Mills Co., Dept. EM, 
Mosinee, Wis 

National V anized Fibre Co., 
ton 99, Del 

Natvar Corp., 207 
bridge, N. J 

Spaulding Fibre Co., Inc., Tonawanda, 
N.Y 

West Virginia Pulp and Paper Co., 280 
Park Ave., New York 17, N. Y. 


Plastics Dept., 
East Walpole, 


565 W 


Box 14, New York 16, 


Wilming- 
Randolph Ave., Wood- 


PAPER, PHOTOGRAPHI®6 
REPRODUCTION 

Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y 


PAPER, TRACING. 
Film and Paper 


See Tracing Cloth 


PARTS FEEDERS, SELECTIVE 
Syntron Co., Homer City, Pa. (Vibrator) 


PERFORATED MATERIALS 


Harrington & King Perforating Co., Inc., 
5657 Filmore, Chicago 44, Ill 


PERMANENT MAGNETS. See Magnets, 
Permanent 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Miller Co., Meriden, Conn. 

Penn Precision Products, Ine, 501 Cres- 
cent Ave.. Reading, Pa. (Strip) 

Revere Copper and Brass, Inc., 230 Park 
Ave.. New York 17, N. Y. 

Riverside-Alley Metal Div., H. K, Porter 
Co., Inc., Riverside, N. J. 

Seymour Manufacturing Co., Seymour, 
Conn. 


PHOTOELECTRIC CELLS and TUBES 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Photoelectric 
Cells) 

Genera] Electric Co., Electronic Component 
Div., Schenectady 5, N. Y. (Photoelectric 


Tubes) 

International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 

PHOTOELECTRIC CONTROLS 

Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Mercoid Corp., 4201 Belmont Ave., Chicago 
41, DL 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 


PILLOW BLOCKS. See Blocks, Pillow. 
PINS, COTTER and LOCK. See Fasteners. 


PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics. 


PLASTICS, MOLDERS, 
and FABRICATORS. 


American Insulator Corp., New Freedom, 
Pa. 


EXTRUDERS 


Anchor Plastics Co., Inc., 36-36 36th, 
Long Island City 6, N. Y. 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Barber-Colman Co. Dept. T, 1203 Rock, 
Rockford, Ill. 

Borden Co., Resinite Dept., Santa Barbara, 
Calif 

Brand & Co., Inc., 
Conn. 

Continental Can Ce., 
mington 99, Del 

Continental-Diamond Fibre, a Sub. of The 


Budd Co., Newark 13. Del. 
14th, Cleve 
Crane Packing Co., 
210 E. 6th, Dayton 2 
Ohio 
Formica Corp. Sub of American Cyanamid, 
General 


William, Willimantic, 
Conolite Div., Wil- 


Cosmo Plastics Co., 3239 W. 
land 9, Ohio 
6424 Oakton, Morten 
Grove, Ill. 
Dimco-Gray Co., 
Erie Resistor Corp., Plastics Div., Erie, 
Pa. 
4521-7 Spring Grove Ave., Cincinnati 32 
Ohio 
Electric Co., 


Plastics Dept. 
Decatur, Ill. 


Gries Reproducer Corp., 149 Beechwood 
Ave.. New Rochelle, N. Y. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N J. 

Kuhn & Jacob Molding & Tool Co., 1204 
Southard, Trenton 8, N. J 

Kurz-Kasch, Inc., 1419 S. Broadway, Day- 
ton 1, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. ¥ 

Midwest Molding & Mfg. Co., 
Ti. 

National Vulcanized Fibre Ce., Wilmington 
99, Del 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

Nosco Plastics, Inc., Erie 4, Pa 

Phalo Plastics Corp., Commercial & Foster, 
Worcester 8, Mass, 

Raybestos-Manhattan, Inc., 
ucts Div., Manheim, Pa 

Resistofiex Corp., Roseland, N. J 

Richardson Co., 2799 Lake, Melrose Park, 
Til. 

Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Ill. 
Rostone Corp., 
fayette, Ir 
Ryerson & Son, Inc., 

80, Til. 

Sparta Manufacuring Co., Div. of United 
States Ceramic Tile Co., Dover, Ohio 

Spaulding Fibre Co., Ine., Tonawanda 
N. Y 

Sylvania Electric Products Inc., 1746 
Broadway, New York 19, N. Y 

Synthane Corp., 17 River Road, Oaks, Pa 

Taylor Fibre Co., Norristown, Pa 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1, 
N. J 

Westinghouse Electric Corp., 
ter Bldg No. 3, 401 
Pittsburgh 30, Pa. 


Gurnee, 96, 


Plastic Prod 


2405 S. Concord Rd., La 


Joseph T., Chicago 


Gateway Cen 
Liberty Ave., 


PLASTICS — MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 


Alkyd Molding Compound (T) 
Cellulose Acetate (A) 
Cellulose Nitrate (K) 
Diallyl Phthalate (X) 
Bpoxy Resins (U) 
Ethyl Cellulose (B) 
Fluorocarbons (P) 
Melamine Formaldehyde (C) 
Methyl Methacrylate (D) 
Nylon (a) 
Phenolics (E) 
Plastisols, Vinyl (I) 
Polyethylene (BH) 
Polyester Resins (Q) 
Silicone Resins (8) 
Styrenes (F) 
Urea Formaldehyde (J) 
Vinyl Acetal (L) 
Vinyl Alcohol (K) 
Vinyl Chloride (Vv) 
Vinyl-Chloride 

Vinylidenechloride (Ww) 
Vinyl Chloride Acetate (M) 
Vinylidene Chloride (N) 


Borden Co 
Calif. 
Ciba Co., Inc., 

Pa. (U) 


, Resinite Dept., Santa Barbara, 


Plastics Div., Kimberton, 
Dow Chemical Co., Midland, Mich. (F) 
Dow Corning Corp., Midland, Mich. (S) 
du Pont de Nemours & Co. (Inc.), E. L., 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del, (ADGKLPR) 

Durez Plastics Div.. Hooker Electro- 
chemical Co., 1308 Walck Rd., N. Tona- 
wanda, N. Y. (BE) (Casting Resins) 

General Electrie Co., Plastics Dept., 
Decatur, Ill. 

Glastic Corp., 4323 
land 21, Ohio (Q) 

Goodrich Chemical Co., B. F., 3135 Huolid 
Ave., Cleveland 15, Ohio (INVW) 

Houghton Laboratories, Inc., 140 Houghton 
Ave.. Olean, N. Y. (U) 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, IIL. 

Koppers Co., Inc., Chemical Div., Koppers 
Bidg., Pittsburgh 19, Pa. (FH) 

Marbon Chemical Div. of Borg-Warner, 
Gary, Ind. (F) 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn 

Monsanto Chemical Co., Plastics Div., 
Springfield 2, Mass. (CEFV) 

Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan, Wis. (E) 

Resistofiex Corp., Roseland, N. J. (P) 

Rogan Brothers, 8027 N. Monticello Ave., 

okie, Ill. (CEJ) 

Rostone Corp., 2405 S. Concord Rd., La 
fayette, Ind. (H) 


Glenridge Rd., Cleve- 
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GOING UP! 


... with components 
sealed in “Scotchcast” 


In a matter of seconds, rockets leave searing hot 
desert heat for freezing upper-atmosphere tempera- 


tures! That’s one of the many reasons why Com- 
ponent Manufacturers choose “Scorcucast”’ for 
their new sealed-in-resin units used in many types 
of new military missiles and aircraft. 

Wherever rigid military specifications call for insu- 
lated electrical components, one of the “Scorcn- 
cast” Resins will do the job. 

These epoxy-type resins, products of 3M Research, 
cure into a solid, shock-resistant, moisture-resistant 
insulation. And “Scorcucast” sticks tight to most 
metals, plastics and conductors—is unaffected by acids, 
alkalies, solvents, oils and extremes of temperature. 

A quick look at the features of new transformers, 
for instance, shows many advantages gained by the 
use of “ScoTcHcast’: _ 

MIL-T-27 GRADE 1 CLASS A 
100K-200K Megohms IR values 


after complete Mil-T-27 testir g 
Dielectric Strength: 1500 V/M 
Extreme Temperature range: 
—65°C to 110°C 

Reduced weight 

Good thermal properties 

High impact strength 

Versatile shapes and mountings 
Fungus proof 

Permanent hand-etched marking 
Non-inflammable 

Minimum space 


For more information on what “Scotcucasr”’ 


Resins can do for you, write Minnesota Mining and 
Manufacturing Co., Dept. BY-87, St. Paul 6, Minn. 


SCOTCHCAST 


BRAND 


RESIN 


enoOUcr o, 


“&, 
The term “Scorcucast” is a registered trademark of Minnesota z iv 
XY 


Manufacturing Co., St. Paul 6, Minn. Export Sales-Office: 99 P 


Bases > 
York 16, N. Y. In Canada: P.O. Box 757, London, Ontario 


"e€seanc™ 
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SELF-THREADING NUTS 


Make their own threads— 


easily, 
quickly 
on 
die-cast or 


cold-forged 
studs 


Deep, clean threads 
assure high torque 


: Thread-forming 
and tensile values. 


teeth exert powerful 
vibration-proof grip 
on studs. 


Hex form fits all 
standard tools and 
shanks. 


Resilient washer 
face spans holes 
and slots. 


Full contact (360°) on 
work surfaces, flat or 
irregular, on perpen- 
dicular or off-angle 
studs. 


May be removed 
and re-used on same 
studs. 


Ideal for nameplates — ornaments — moldings 
Now low-cost, plain studs become strong, vibration- 
proof threaded assemblies by simply fastening with the new 
PALNUT Self-threading nuts. You eliminate the high cost 
of threaded studs—your fastening operation does the thread- 
cutting while tightening. No special tools needed—high-speed 
assembly is obtained with standard tools and methods. 
PALNUT Self-threading nuts are made of spring-tempered 
steel, comprising a thread-cutting lock nut and flat washer 
in one piece. Parts are pulled up tight with a resilient spring 
locking action that will not loosen in service. Available in 
plain washer base, or with notched base for grounding elec- 
trical connections through non-conductive coatings. Also with 
bonded-in plastisol compound to seal out water and dust. 


Sizes tor lg”, %4e” and 14” unthreaded studs. Write for free 
samples and descriptive literature. 


THE PALNUT CO. 66 Glen Road, Mountainside, N.J. 


Subsidiary of United-Carr Fastener Corp 


PALNUT° LOCK NUTS 


FASTENERS 
Quick, secure fastening at low cost 


Circle 365 on page 17 
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Shell Chemical Corp., Chemical Sales Div., 
0) Madison Ave., New York 17, N. Y. 
United States Gasket Co., Plastics Div. 


of The Garlock Packing Co., Camden 1, 
N. J. (P) 


PLASTICS, SHEETS, RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa, (Di- 
electric Sheets) 

Borden Co., Resinite Dept., Santa Barbara, 
Calif 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental Can Co., Conolite Div., 
mington 99, Del. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Formica Corp A Sub. of America 
Cyanamid, 4521-7 Spring Grove Ave., 
Cincinnati 32, Ohio 

General Flectri Co., 
Decatur, Ill 

General Electric Co., Laminated 
Dept., Coshocton, Ohio 

Glastic Corp., 4312 Glenridge, 
17, Ohio 

Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean, N. Y. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Mica Insulator Co.. Schenectady 1, N. Y. 

National Vulcanized Fibre Co., Wilming- 


ton 99, Del, 
Resinite Corp., Div. of Precision Paper 
6980 North Central Park, 


Wil- 


Plastics Dept., 


Products 


Cleveland 


Tube Co., 
Chicago 45, TIL 
Resistofiex Corp., Roseland, N. J. 
=o & Son, Inc., Joseph T., Chicago 8, 
ll 
Spaulding 
= 
Taylor Fibre Co., 
U. S. Rubber Co., 
Chicago 39, Ill 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Fibre Co., Inc., Tonawanda, 


Norristown, Pa. 
2638 N. Pulaski Rd., 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts. 


American Platinum Works, 231 New Jer- 
sey Railroad Ave., Newark 5, N. J 

Bexer_& Co., Inc., 113 Astor, Newark 5, 
N. J. 

Brainin Co., C. 8S., 318 Washington, Mt. 
Vernon, N, Y¥ 

General Plate Div., Metals and Controls 
Corp 1908 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 


38, N, 
J. M., P.O. Box 990, Hartford 1, 


Ney Co., 
Conn 
Wilson Co., H. A., Route 22, Union, N J. 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, IIL. 


PLUGS and JACKS, COMMUNICATION 

Audio Development Co 2836 13th Ave., 
South Minneapolis 7, Minn 

Richards Electrocraft Inc., 4432 N. Ked- 
zie Ave., Chicago 25, Ill. 

Switchcraft, Inc., 1328 N. Halsted, Chicago 
22, Ill. 


PLUGS and RECEPTACLES 


Alcor Manufacturing Co., 4444 W. 
velt Rd., Chicago 24, IIL 

Amphenol Electronic Corp., 
Ave., Chicago 54, Ill. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Co., 1033 W 
Van Buren, Chicago 7, IIL. 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, IIL. 

Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 

Circle F Mfg. Co., Trenton 4, N. J. 

Constantin & Co., L. L., Route 46, Lodi, 
N. J. 

Cornish Wire Co., Inc., 50 Church, New 
yen J, BE. 


Crouse-Hinds Co., Syracuse 1, N. Y. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Johnson Co., E. F., 2331 Second Ave., 
S. W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 


Chicago 24, Tl. 
7447 W. Wilson Ave., 


Methode Mfg. Co., 
Chicago 31, Il 
Molex Products Co., Brookfield, Ill 
Pass & Seymour, Inc., Solvay Station, Syta- 
cuse 9, N. Y¥ 
Pyle-National Co., 
Chicago 51 Til 
Royal Electric Corp., Pawtucket, R. I. 
Stromberg-Carison, A. Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 8, N. Y. 


Roose- 


1830 S. 54th 


1388 N. Kostner Ave., 


PNEUMATIC TOOLS and EQUIPMENT 


Gardner-Denver Co., Quincy, Ill, 
PORCELAIN. See Ceramics. 


POSTS, BINDING 


Littelfuse, Des Plaines, 
Superior Electric Co., 
Conn 


Ill 
803 Middle, Bristol, 


POTENTIOMETERS. See also Rheostats. 


Ace Electronics Associates, Dept. EM, 101 
Dover, Somerville 44, Mass. 

Allen-Bradley Co., 1316 8. Second, Mil- 

Borg 


waukee 4, Wis 

Div., George W. 

Corp., Janesville, Wis 

Bourns Laboratories, P. 2112 
Riverside, Calif. 


Borg Equipment 
0. Box 


Clarostat Mfg., Co., Inc., Dover, N. H. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

Gamewell Co., Newton Upper Falls 64, 
Mass. 

Ctanntat & Co., Inc., @. M., Pasadena 1, 
alif. 

Helipot Corp., Div. of Beckman_Instru- 
ments, Inc., Newport Beach, Calif. 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa 

Ohmite Manufacturing Co., 3613 Howard. 
Skokie, Tl 

Stackpole Carbon Co., St. Marys, Pa. 

Transicoil Corp., Worcester, Montgomery 
County. Pa 

Weston Electrical Instrument Corp., A Sub. 

In 614 Frelinghuysen 


of Daystrom 
Ave., Newark 5, N, J 


POTS and LADLES, MELTING 


General Electrical Co., Apparatus 
Dir., Schenectady 5. N. 


Vulcan Blectric Co., Danvers 2, Mass. 


Sale 


POWDERED METAL PRODUCTS. See 


also Bearings and Bushings; Contacts 


Senpien Div., Chrysler Corp., Detroit 31, 

Mich 

Gibson Electric Co., 8349 Frankstown Ave., 
Pittsburgh 21, Pa. 

Mallory & Co., Inc., P. R., 
6. Ind 

Radio Cores, Inc., 9546 Tulley Ave., Oak 
Lawn, Ill. (Iron Cores) 

Stackpole Carbon Co., St. Marys. Pa. 

United States Graphite Co., 1621 Holland. 
Saginaw 8, Mich. 


Indianapolis 


POWDERS, METAL 


American Platinum Works, 231 New Jer- 
sey Railroad Ave., Newark 5, N. Y. 

Handy & Harman, 82 Fulton, New York 
38, N. ¥ 

New Jersey Zinc Co., 
38. N. Y. (Brass, 
Zinc) 


160 Front, New York 
Bronze, Copper and 


POWER SUPPLY UNITS 


American Television & Radio Co., St. Pau) 
1, Minn 

Electro Products Laboratories. Inc., 4501 
N. Ravenswood Ave., Chicago 40, IIL 

Fanstee] Metallurgical Corp., North Chi- 
cago, Ill 

Mallory & Co., Inc., P. R., Indianapolis 6, 
Ind 

Servomechanisms Inc., Mechatrol Div., 17 
Brooklyn Ave., Westbury, L. I., N. Y. 

Superior Electric Co., 803 Middle, Bristol, 
Conn 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 


PRE-PLATED 
Brass, Copper, 
Strip) 


American Nickeloid Co., Peru 3, Ml. 
Superior Electric Co., 803 Middle, Bristol. 
Conn 


PRINT MACHINES 


Ozalid, A Div. of General Aniline & Film 
Corp.. Johnson City, N. Y. 


PUMPS 


Allis-Chalmers, Milwaukee 1, Wis 

Bendix Aviation Corp., Scintilla Div., Sid- 
ney, N. ¥ 

Robbins & Myers, Inc., Pump Div., Spring- 
field, Ohio 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Allis-Chalmers, Milwaukee 1, Wis. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, Til 

Clark Controller Co., 1146 E. 152nd, Cleve- 
land 10, Ohio 

Crouse- Hinds Co., 

Cutler-Hammer Inc., 
Milwaukee 1. Wis. 

General Blectric Co., Apparatus Sales Div., 
Schenectady 5, N.Y. 

Micro Switch, A Div. of Minneapolis- 
Honeywell Regulator Co., Freeport, Tl. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Stromberg-Carlson, A_ Div. 
Dynamics Corp., 117 
Rochester 3, N. Y. 

Ward Leonard Electric Co., 
Mount Vernon. N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter Bldg. No. 8, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


METALS 
Steel, Zine, 


(Aluminum, 
Sheet and 


Syracuse 1, N. Y. 
1264 St. Paul Ave., 


of General 
Carlson Rd. 


34 South, 


PYROMETERS 


Assembly Products, 
Ohio 

Bristol Co., Waterbury 20, Conn. 

Weston Electrical Instrument Corp., A Sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instrument Div., Barber-Colmap 
Co., 1408 Rock, Rockford, Til. 


QUARTZ, FUSED 


Amersil Co., Inc., 685 Ramsey Ave., Hill- 
side 5, N. J. 


Inc., Chesterland 14, 


REACTORS. See Transformers. 


RECORDER COMPONENTS, MAGNET- 
IC, See Instruments. 


RECORDERS, COMPUTER. See Instrvu- 
ments, Electronic. 
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QUALIFIED ELECTRO-MECHANICAL 
PRODUCTS FOR THE AIRCRAFT 


AND MISSILE INDUSTRIES 


FLEXIBLE 
BUS ASSEMBLY 


INSULATED 
BUS ASSEMBLY 


RIGID BUS BAR 


ADDITIONAL JANCO 


® HEAVY DUTY LIMIT SWITCHES 
© SHUNTS-AMMETER 
® GENERATOR EQUALIZING RESISTORS 


PHONE: 
VICTORIA 9-2107 
AND 
THORNWALL 8-5792 


JANCO RIGID and FLEXIBLE BUS 

ASSEMBLIES are designed and manufactured 
to meet or exceed the requirements of existing 
MILITARY and AIRCRAFT SPECIFICATIONS. 


A very unique JANCO fabrication process permits 
maximum cable gripping strength and assures logistical 
maintainability of electrical systems such as 

switches, circuit breakers, fuse blocks and 

gang installations. 

Your special BUS application given individual 
engineering consideration. 


Write for FREE brochure. 
® FLAG TERMINALS 
© JUMPERS-BONDING, 

DISCONNECT, POWER & ELECTRONIC 


® ROTARY MULTI-POLE SWITCHES 
¢ ANTENNA SHOCK LINKS 


_-+@ CORPORATION 


3111 WINONA AVENUE 


BURBANK, CALIFORNIA 


THE TREND 


feat 
at 
oS oe 


NPE 
TRACING CLOTH 
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here’s the answer to a better product! 


lf your product consists of parts that call for unusual physical, 
electrical and mechanical properties either singly or in combination, 
you'll find no material better suited than Star VITROLAIN...a 
versatile electrical porcelain. This basic material is a feldspathic 
type ceramic having superior dielectric and mechanical strength. 
Its pore volume and moisture absorption factors are extremely low 
(less than 0.25%). It is ideal for parts used in the presence of 
moisture or chemical vapors. And, it’s available in white as well 
as a variety of color glazes. Want more information? This helpful 
Star catalog describes the complete line of Star products and our 

modern fabricating facilities. Write for a copy today. 

Star Porcelain Company, 

41 Muirhead Avenue, Trenton 9, New Jersey 


STAR 


porcelain company 


Circle 368 on page 17 
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OPERATED 


IMPROVED COMPACT DESIGN 
FACILITATES MOUNTING 


In the new Series No. 800 the leads are 
integral with the switch . . . no exposed 
ports. Four terminal styles . . . space-type, 
solder-type, screw-type, and with wire leads. 
Switches suitable for mounting with nipple, 
snap fastener, or with special plates for 
individual appiications. Ratings: “% amp, 
250 v; % amp, 125 v. Contacts are silver 
plated. UL listed. And ALCOR will produce 

special designs to suit your individual 

requirements. Tell us what you need. 


Write for details and prices 


IDEAL FOR 
CONTROLLING LIGHTS 
IN MODERN... 


REFRIGERATORS, STOVES 
AUTOMOBILE DOORS 
BATHROOM CABINETS 
KITCHEN CABINETS 

FREEZERS 
VENDING MACHINES 
AND SIMILAR UNITS 


ALCOR MANUFACTURING COMPANY 


ee ee)? 318 le) \ 8) . CHICAGO 24, ILLINOIS 
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wire 
markers 
provide... 


POSITIVE IDENTIFICATION 
FOR WIRE OF ANY SIZE! 


ELIMINATE WIRING GUESSWORK with easy to read E-Z 
CODE Wire Markers. Patent features let you apply markers 
without affecting adhesive quality. Thousands of stock 
items in standard lengths of %” and 142”, prices start 
low as Ye¢ per wire lead! E-Z CODE Vari-temp cloth markers 
(temperature range 300F.) meet MIL-D-10369B for fungus 
resistance; stock markers also available in aluminum foil. 


Available nationally from over 200 distributors, 
write for free working samples and catalog. 


Division of 

Western Lithograph Co 
602 East Second St, 
Los Angeles 54, Calif 


Circle 370 on page 17 


RECORDERS, GRAPHIC 
See Instruments. 


RECORDERS, OSCILLOGRAPHIC 


Brus Electronics Co., Div, of Clevite 
Corp., 3405 Perkins Ave., Cleveland 14, 
Ohio 

Midwestern Instruments, 41st and Sheridan 
R Tulsa Okla, 

Sanborn Co., Industrial Div., 175 Wyman, 
Waltham 54, Mass. 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp., Rectifier Div., 
N Chicago, Ill. (Selenium) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Selenium, Copper 
Oxide Industrial Germanium) 

Genera Electric Co., Semiconductor 
Product Electronics Park, Syracuse 1, 
N. ¥ Germanium Diodes, Germanium 
ar Sili Rectifiers 

Hoffman Semiconductor, Div. of Hoffman 
; ectronics Corp., 930 Pitner Ave., 

vanston, Ill 

International Rectifier Corp 1521 3B. 
Grand Ave., El Segundo, Calif. (Selen 

Germanium, Silicon) 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Mallory & Co., Inc., P. R., Indianapolis 
¢ Ind. (Magnesium-Copper Sulphide) 

Radio Receptor Co., Inc., Semicenductor 
Div., 240 Wythe Ave., Brooklyn 11, N. Y. 

Sarkes Tarzian, Inc., Rectifier Div., Dept. 
M 415 N. College Ave., Bloomington, 
Ind 

Syntron Co., Homer City, Pa 

Ther Electric & Machine Works, 11A 8S. 
Jefferson, Chicago 6, Il, (Selenium) 

franisitron Electronic Corp., Wakefield, 
Mass. (Silicon) 

Union Switch & Signai Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Pa. 
Selenium) 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, Wis P 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. ¥. 

Eitel-McCullough, Inc., San Bruno, Calif. 

Electrons, Inc., 127 Sussex Ave., Newark 8, 
N. J 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

RCA Electron Tube Div., 
America, Harrison, N. J. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


REGULATORS, M@TOR SPEED. See 
Controllers, Motor. 


Radio Corp. of 
J 


REGULATORS, TEMPERATURE. 


Thermostats. 


REGULATORS, VOLTAGE. See 
Transformers, Variable Voltage. 


Acme Electric Corp., Cuba, N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. - 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 

Curtiss-Wright Corp., Carlstadt, N. J. 

Eseco Works, Delta-Star Div., H. 
Porter Co., Inc., Leckport, Ill 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Semiconductor Div. 

Corp., 930 


of Hoffman 
Pitner Ave., 


Hoffmar 
Electronics 
hvanston, Ill 

R-B-M ‘“‘Control’’ Div., Essex Wire Corp., 
Logansport, Ind. 

Sola — Co., 4633 W. 16th, Chicago 
50, > 

Standard Electrical Preducts Co., 2240 E. 
Third, Dayton 3, Ohio. 

Superior Electric Co., 803 Middle, Bristol, 
Conn 

Vickers Electric Div., Vickers Inc., 1808 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 


AEMCO, Inc., 50 State, Mankato, Minn. 

A G’ A Div. of Elastic Stop Nut Corp 
of 5 ae 1027 Newark Ave., Elizabeth 
3, N. 

Adams & Westlake Co., Elkhart, Ind. 
(Mercury) 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Allied Control Co., Inc.. 2 East End Ave., 
New York 21, N. Y. 

Allis-Chalmers, Milwaukee 1, Wis 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc., 2777 
Rd., Des Plaines, Ill 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Assembly Products, Inc., Chesterland 14, 
Ohio 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, Ill 

Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N. J 

Automatic Timing & Control Inec., Sub 
f Safety Industries, Inc., King of 
Prussia 6, Pa. 

Barber-Colman Co 
Rockford, IIL 

Bristol Co., Waterbury 20, 

Bristol Motor Div Vocaline Co. of 
America Inc., 108 Coulter, Old Say- 
brook Conn (Time Delay 

Clare & Co., C. P., 3101 Pratt Blvd., 
Chicago 45, Ill 


Mannheim 


Dept. T, 1203 Rock 


Conn. 


Comar Electr Co 33 W. Addiseor 
Chicago 18, I 
Cramer Controls Corp 

Conn 

Curtiss-Wright Corp., 
(Time Delay) 

Cutler-Hammer Inc., 
Milwaukee 1, Wis 

Durakool, Inc., Elkhart, Ind. (Mercury 

E-T-A Products Co. of America, 5085 N 
Elston Ave., Chicago 50, Ill 

Edison Industries, Thomas A., Ir 
Div., McGraw-Edison Co., Rose 
N. J. 

Elgin National Watch Co., Electronics Div 
Elgin, Ill 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telgraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Filtors, Inc., 30 Sagamore Hill Dr., Port 
Washington, L. L, N. ¥ 

G-V Controls Ine., 8 
East Orange, N. J 

General Electric Co., Apparatus Sales Di: 
Schenectady 5, N [ 

Guardian Electric 1627-H W Wa 
Chicago 12, I 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford Contr 

Haydon Co., A. W., 234 N,. Elm, Water 
bury 20 ¢ 

Haydon Mfg. Co,. Inc., 2527 Elm. Tor 
rington, Conn 

Heinemann Electric Co., 99 Plum, Trentor 
2, N. J. (Time delay) 

Kellogg Switchboard and Supply Co 79 
W. Monroe, Chicago 3, Ill. (Magnetic 
Impulse) 

Lakewood Controls Corp., 264 E. Prairie, 
Crystal Lake, Tl 

Leach Corp., Leach Relay Div., 5915 Ava- 
lon Blvd., Les Angeles 3, Calif 

McQuay-Norris Manufacturing Co 2322 
Marconi, St. Louis 10, Mo. 

Magnecraft Electric Co., 3352 W 
Ave., Chicago 51, Ill. 

Mercoid Corp., 4201 Belmont Ave., Chicago 
41, Il. 

Ohmite Manufacturing 
Skokie, IL 

Phillips Control Corp., 59 W. Washington 
Joliet, Il. 

Potter & Brumfield Mfg. Co., Inc., Sub 
of American Mach & Foundry Co 
Princeton, Ind 

Price Eleetric Corp., 
rick, Md. 

R-B-M “Control” Div., 
Logansport, Ind. 

RCA Electron Tube D 
America, Harrison, N. J 

Sigma Instruments , 60 Pearl, Sout 
Braintree 85, Mass 

Square D Co., 4041 N. Richards 
kee 12, Wis 

Standard Electrical Products Co., 2240 E 
Third, Dayton 3, Ohio 

Stromberg-Carlson A Div. of General 
Dynamics Corp 117 Carlson Rd 
Rochester 3, N. Y 

Tung-Sol Electric | I 
Newark 4, N 

Union Switch & Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Pa 

Ward Leonard Electric Co., 34 South, 
Mount Vernon. N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave Newark 5, N. J 

Wheelock Signals, Inc., 273 
Ave., Long Branch, N. J 

Wiegand Co., Edwin L 
Blvd., Pittsburgh 8 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, I 


Box 8, Centerbrock 
Carlstadt, N. J 


1264 St. Paul Ave 


Hollywood Plaza 


Grand 


3613 Howard, 


1500 Church, Frede- 
Essex Wire Corp., 


Radio Corp. of 


Milwau 


troswit Div 


Branchport 


7530 Thomas 


REMOTE CONTROLS. See Push Button 
Stations: Relays and Contactors; Switch- 
es; Controls, Pressure and Tempers- 
ture 


INSULATING. 
Resins, 


See Varnishes 
Insulating 


RESINS, 


Compounds and 


RESISTANCE ALLOYS 

Driver Co., Wilbur B., 
Highway, Newark 4, N 
Driver-Harris (o., Harrison, N. J 
Kanthal Corp 3 Amelia PL, Stamford, 
Conn 


1875 McCarter 
J 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units. 


RESISTANCE LINE CORDS 
General Flectric Co., Construction 
rials Div Bridgeport 2, Conn 


Mate 


RESISTANCE WIRE. See Wire, Resist 


ance 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp New Bedford, Mass 

Allen-Bradley Co., 1316 8. Second, Mi)- 
waukee 4, Wis 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y¥. (Bulb Type) 

Centralab Di af Globe-Union,  Ine., 
914 E. K » Ave., Milwaukee 1, Wis 

Clarostat Mfg. Co., Inc., Dover, N. H 

Corning Glass Works, Technical Preducts 
Div., Corning, N. Y¥ 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Daven Co., 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N. J 

Erie Resistor Corp., Electronics Div., Erie 


Pa. 
Hardwick, Hindle, Inc., 
ark, 5 N. d 
International Resistance Co., 401 N. Broad. 
Philadelphia 8. Pa 
Mallory & Co., Inc., P. R., 
6, Ind 


40 Hermon, New 


Indianapolis 


ELECT! MANUFACTURING 





a maw peak in. PERFORMANCE 


yo WGHTER WEIGHT , of 
PM's . 


More VOLUME 


REVCOR’S BLASTAIRE 


DOUBLE INLET BLOWER WHEELS 


Exclusive Revcor Single center disk construction eliminates extra weight and reduces 
air loss. Individual blades extend through perforations in the center disk and are locked 
tight to the center disk by Revcor’s own patented method. Center disk can be positioned 
“off center’ Blades are attached to end rings by Revcor’s time-proven tab locked method. 


bouns wales WIDTHS FROM 2” to 12”...and DIAMETERS FROM 3” to 1238”! 


” SS aikacdiemahenmaaae \ 
- AVAILABLE—BLASTAIRE TECHNICAL DETAILS Pi "Fey 


Reveor 


t BS 
, a 
Vor, ewe _——_251_EDWARDS _ STREET, -CARPENTERSVILLE. Mh. 
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CUTOUTS 


THE MULTI-UNION 
LINE IS THE ACCEPTED 
if STANDARD OF 
f INDUSTRY 


“- 


INDUSTRY DEPENDS 
ON MULTI FOR 
“ON TIME” 
DELIVERY 


WRITE FOR 
CATALOG 
TODAY. 






















ELECTRIC 


A 


MEG. | 


Ty! 


Ey 
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SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALL 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCE 
OVER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL, FINISH, 
QUANTITY, OR TO YOUR SPECIFICATIONS. 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 
Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS A CUTTERS 
TOOLS * DIES ® AMPINGS SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22,1LLINOIS 


oe 
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Ohmite Manufacturing Co., 3613 Howard, 


Skokie, Ill. 
RCA Electron Tube Div., Radio Corp, of 
J. 
Products Co., 914 S. 


America, Harrison, N 


Resistance 13th, 
Harrisburg, Pa. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Stackpole Carbon Co., St. Mary, Pa. 

Texas Instruments, Incorporated, 6000 
Lemmon Ave., Dallas 9, Texas 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, IIl. 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y 


Weston Electrical Instrument Corp., A sub. 


of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 

RESISTORS, POWER CIRCUIT 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 


_— Resistor Corp., Electronics Div., Erie, 

"a. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, Y¥ 

Hardwick, Hindle, 
ark 5, N. J 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Mallory & Co., Inc., P. R., 


6, Ind 

= Mfg. 3613 Howard, Skokie, 
ll 

Sprague Electric Co., 307 Marshall, North 


Adams, Mass 
Tru-Ohm Products, Div. of Model Engi- 

neering & Mfg., Inc., Chicago 18, Il. 
Ward Leonard meen Co., 34 South, 


Mount Vernon, 


‘Ine., 40 Hermon, New- 


Indianapolis 


Co., 


RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis 
Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Bulb Type) 
Clarostat Mfg. Co., Inc., Dover, N. H. 
Cutler-Hammer Inc., 1264 St. Paul Ave., 


Milwaukee 1, Wis. 

Hardwick, Hindle, Inc, 40 Hermon, New- 
ark 5, N. J. 

aw & Co., Inc., P. BR., Indianapolis 


, Ind 
= Mfg. Co. 3613 Howard, Skokie, 
Rex Rheostat Co., Baldwin, L. I., N. Y. 


Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, Ill. 
Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

General Electric Co., prem Sales Div., 
Schenectady 5, N. . 

Hadwick, Hindle, Inc, 40 Hermon, New- 


ark 5, N. J. 
National Electric Controller Co., 7070 
Glenwood Ave., Chicago 26, Ill. 


— Mfg. Co 3613 Howard, Skokie, 


Rex Rheostat Co., Baldwin, L. L., N. Y. 
Superior Electric Co., 803 Middle, Bristol, 


Conn. 

Tru-Ohm Products, of Model Engi- 
neering & Mfg., Chicago 18, TL 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N.Y. 

Westinghouse Electric Corp., Gateway Cen- 


ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Div. 
Inc., 


RINGS, COLLECTOR 


Baker & Co.. Inc., 113 Astor, Newark 5, 
N. J. (Precious Metal) 

General Plate Div., Metals & Controls 
Corp., 1908 Forest, Attleboro, Mass. 
(Precious Metal) 

ener Molding & Mfg. Co., Gurnee 96, 

1 

Ney Co., J. M., P.O. Box 990, Hartford 1, 

Conn. 


Nippert Electric Products Co., 1759 W. 
Mound, Columbus 238, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich 

Wilson Co., H. A., Route 22, Union, N.J 

RINGS, RETAINER and SNAP 

Associated Spring Corp., Bristol, Conn 
rrett Co., Inc., George K., Philadelphia 





34 «Pa. 

National Lock Washer Co., 

Newark 5, N. J 

Radio mrequency Laboratories, Inc., Boon- 
ton. N. J 

United States Gasket Co., Plastics Div. of 
ae ee Packing Co., Camden 1, 


47-16 Austel Pl, 
we 


40 Hermon, 


Waldes Kohinoor, Inc., 
Long Island City 1, N 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co., 9609 
Jackson Blvd., Bellwood, IIL. 

Milford Rivet & Machine Co., Milford, 
Conn. 

Thomson Mfg D, 
Waltham 54, 


w. 


Co 
Mass 


Judson L., Dept. 


ROLLER BEARINGS. See Bearings, Ball 
and Roller. 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill. (Silicone) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Dow Corning Corp., Midland, Mich. 
(Silicone) 

Enjay Ene. 15 West 5lst, New York 


19, N. . 
General Electric Co., Plastics Dept., 
Decatur, Ill 


Goshen Rubber Co., Inc., P. O. Box 517, 


Goshen, Ind. 
Johns-Manville, Dutch Brand Products, 
Chicago 19, Ill. 


7800 Woodlawn Ave., 
Parker Appliance Co., 17325 Buclid Ave., 
Cleveland 12, Ohio 


Phoenix Manufacturing Co,, Rubber Prod- 


ucts Div., Joliet, Ill 
Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div Manheim, Pa. 
Roth Rubber Co., 1860 8. 54th Ave., 
Chicago 50, Ill 


SAWS, COMMUTATOR. See Commutator 
Saws and Slotters, 


SCRAPER RINGS. See Rings. Retainer 
and Snap. 
SCREW DRIVERS, PORTABLE. See 


Tools, Portable 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics 


Aluminum Co. of America, 
Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Master Appliance Mfg. Co., Racine 2, Wis. 


Alcoa Bidg., 


Milford Rivet & Machine Co., Milford. 
Conn. 

SCREWS. See Fasteners 

SEALING COMPOUNDS. See Cement, 


Insulating and Sealing; Waxes and Com- 
pounds 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products, Inc., Div 
of General Ceramics Corp., 118 Liberty. 
Stamford, Conn 

American Lava Corp., Chattanooga 5, Tenn. 

Amphenol Electronics Corp., 1830 8, 45th 
Ave., Chicago 54, IL. 

Constantin & Co., L. L., Route 46, Lodi, 


N. J. 

Electrical Industries, Div. of Phillips 
Electronics, Inc., 691 Central Ave., 
Murray Hill, N. J. 


General Ceramics Corp., Dept. ME, Keas- 
bey, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Glass Bushings) 

Hermaseal Co., Inc., 1010 Main, Elkhart, 
Ind. 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

1878 Main 


Kearfott Co.,_ Inc., 
Clifton, N. J 

Phillips Control Corp., 59 W. Washington, 

Joliet, Ill 


Ave., 


SEALS, MECHANICAL. (Rotary Shaft) 
Crane Packing Co., 6424 Oakton, Morton 


Grove, Ill 
Garlock Packing Co., Palmyra, N. Y. 


SEALS, OIL and GREASE 


Gits Bros., Mfg. Co., 1840 8S, Kilbourn 
Ave., Chicago 23, Ill. 

Syntron Co., Homer City, Pa. 

United States Gasket Co., Plastics Div 
of a Garlock Packing Ce., Camden 
1, N. J. 


SELENIUM RECTIFIERS. See Rectifiers 
Semiconductor. 


SEMICONDUCTOR PRODUCTS. See Rec- 


tifiers, Semiconductor; Transistors and 
Crystal Diodes. 
SERVOMECHANISMS (Controls, Syn- 


chros, ete.) Also see Motors. 

Automatic Timing & Controls, 
of Safety Industries, Inc., 
Prussia 6, Pa 

Bristol Co., Waterbury 20, Conn. 

Dieh| Manufacturing Co., Electrical Div. 
of sue Ringer Manufacturing Co., Somer- 
ville, N. J 


Sub 


of 


Inc 
King 


Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J 

Helipot Corp., Div. of Beckman Instru- 
ments Inc., Newport Beach, Calif 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J 


Oster Manufacturmg Co., John, Avionie 


Div., Racine, Wis 
Servomechanisms, Inc., Mechatrol Div., 
17 Brooklyn Ave Westbury L 
mm, © 
Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J 
Transicoil Corp., Worcester, Momgomery 
County, Pa. 


SHAFTS, FLEXIBLE 


United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 
ee 

SHEAVES. See Drives, Belt 

SHEET METAL FABRICATORS 

Cincinnati Ventilating Co., 308 Madison 
Ave., Covington, Ky. 

Cox Co.. H. F., 601 Ottawa Ave., N. W.. 
Grand Rapids 2, Mich. 

Croname, Inc., 1769 Grace, Chicago 13, 
Til. 


ELECTRICAL MANUFACTURING 








BUSS Heat-Limiters... 


can solve many overheating problems 


THEY GUARD AGAINST TROUBLES OR DANGER BY CUTTING-OFF 
CURRENT AT PREDETERMINED TEMPERATURE 


Many types of electrical devices or 
apparatus can now be protected against 
excessive overheating creating a hazard 
or resulting in loss of material. 


Properly installed, a BUSS Heat- 
Limiter will open the circuit should 
anything cause the temperature to rise 
above the opening point of the thermal 
cut-out. 


Where used: BUSS Heat-Limiters 
can be installed in the heater element 
circuit—or if the heater current is con- 
trolled by a contactor they can be in- 


stalled in the relay circuit. 


it 
ANOTHER 
OUTSTANDING 
DEVELOPMENT 
BY THE MAKERS OF 


BUSS FUSES 


AUGUST 1957 


Applications: BUSS Heat-Limiters 
can be used for such widely varying ap- 
plications as: Hair Driers, Refrigera- 
tor Defrosters, Deep Fryers, Incuba- 
tors, Ovens, Cookers, Heaters, Com- 
bination Room Coolers or other de- 
vices or apparatus where failure of 
temperature control might cause trouble 
or a hazard. 


BUSS Heat-Limiters are available 
in many types and in many styles of 
terminals to suit requirement. Tell us 
your problem and let BUSS engineers 
help you solve it. 


For more information use coupon or 
write, Bussmann Mfg. Division Mc- 
Graw-Edison Co., St. Louis 7, Mo. 


Se ane ee ee A OR Oe Re OF Le ee ee ae ae 


Please send information on BUSS Heat-Limiters. 
Name 
Company.. 


Address............. 


BUSS Safety Valve HEAT-LIMITERS 
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Bussmann Mfg. Division McGrow-Edison Co., University at Jefferson, St. Louis 7, Mo. 


coccastell State 


A857 








New Soreng 


ROTARY SELECTOR SWITCH 


Offers Versatility-Economy 
Over Broad Range of Applications 





The features below point up the switching versatility pos- 
sible with the Model 776 rotary selector switch. An eco- 
nomical choice for home laundry equipment, dishwashers, 
air conditioning, vending machines, etc., it is also rugged 
enough for the severe conditions of industrial application. 


Features 


Two SPDT and three SPST switches 

Shaft actuated push-pull switch 

Positive indexing up to eight positions with 

specially designed spring construction 

Snap action provided by spring loading 

Total shaft stroke 360 

General purpose phenolic case 

Metal cover and '4" shaft zinc dichromate plated 

Silver plated spade terminals 

Bussing available between any combination of terminals 
Bushing mounted (other mountings optional) 


Rating 


10 AMP 125/250 V. A.C. 
2 h.p. 125/250 V. A.C. 
Listed by Underwriter’s Laboratories 


For complete information, 
write for Bulletin on Model 776 


ee 
. TPP Peewee eee EEE SESE EES 


C | conteois company oF ameRicA 
Manufacturers of SORENG controls 


9551 SORENG AVENUE © SCHILLER PARK, ILLINOIS 


PPPOE SESE HEE SESE ESSE OOO OSES OOH OSES EES EOS ESO®S 
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Hioffman Engineering Corp., Dept. EM-66 
Anoka, Minn. (Terminal and Pull Boxes) 

Kirk & Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio. 


SHEETS, ELECTRICAL. See Steel, Elec- 
trical. 


SHIELDING ELECTRONIC 


Metal Textile Corp., Roselle, N. J. (Knitted 
Metallic Strips, Gaskets, ete.) 


SHIELDS, ELECTRON TUBE 


International Electronic Research Corp.. 
145 W. Magnolia. Burbank, Calif. 
Pa. 


Magnetics, Inc., Box 391, Butler, 


SHIPPING SERVICES 


Chicago & Eastern Illinois Railroad, 332 
S. Michigan Ave., Chicago 4, Ill, 

United Air Lines, Cargo Sales Div., 36 8. 
Wabash Ave., Chicago 3, Ill. 


SIGNAL DEVICES 
Crouse-Hinds Co., Syracuse 1. N. ¥ 


Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, IIL. 
Wheelock Signals, Inc., 


273 Branchpert 
Ave., Long Branch, N. J. 


SIGNAL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator, 

SILICON DIODES. See Transistors and 
Crystal Diodes. 

SILICONES 

Auburn Manufacturing Co., 306-I Stack, 


Middletown, Conn. 

Continental-Diamond Fibre, A Sub. of The 
Budd Ca, Newark 13. Del. 

Dow Corning Corp., Midland, Mich. 

Formica Corp., Sub. of American Cy- 
anamid, 4521-7 Spring Grove Ave., Cin- 


cinnati 32, Ohio 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Tl. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge. N. J. 

Taylor Fibre Co., Norristown, Pa. 

Union Carbide Corp., Silicones Div., 
Lexington Ave., New York 17, N. Y. 


420 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points. For Solder, 
see Brazing Alloys, Silver. 


= Co., Inc., 113 Astor, Newark 5. 
Brainin Co C. S., $18 Washington, Mt. 


Vernon, N 
Deringer Metallurgical Corp., 8129 Monti- 


cello Ave., Skokie, Ill 

Fansteel Metallurgical Corp., North Chi- 
cago, Ill 

General Plate Div., Metals and Control 
Corp., 1908 Forest, Attleboro, Mass. 


Handy & Harman, 82 Fulton, New York 
$8, N. Y. 
Mallory & Co., Inc., P. R., Indianapolis 


6, Ind. 

Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn. 

Sel Rex Corp., 75 River Rd., Nutley 10, 
N. J 

Wilson Co., H. A., Route 22, Union, N. J. 


SLEEVE BEARINGS. See Bearings and 
Bushings. 


SLEEVING, SATURATED. See Tubing 
and Sleeving. Braided Fabric. 


SLEEVING and TAPE, ASBESTOS 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill 
Johns-Manville, Box 14, New York 16, 


Raybestos-Manhattan, Inc Plastic Prod- 
ucts Div., Manheim, Pa 

SLIDE ASSEMBLIES 

Radio Frequency Laboratories, Inc., Boon- 


ton, N. J 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co.. Hoboken, N. J. 


Collector. 
SLOT INSULATION. See Fabrics, 


ing; Mica; Paper, Insulating; 
and Sleeving, Braided Fabric. 


SLIP RINGS. See Rings, 


Insulat- 
Tubing 


SLOT PEGGING MACHINES, 
ARMATURE 

Chapman Electrical 
Chouteau Ave., St. 


Works, P. E., 
Louis 3, Mo. 


1820 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing Co., 133 Sheldon, 
Hartford 5, Conn. 


Bristol Co., Waterbury 20, Conn 
nee Pressed Steel Co.. Jenkintown 9. 
a. 


SOCKETS and ADAPTERS. RADIO. See 
Plugs and Receptacles. 


SOCKETS and RECEPTACLES, LAMP 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 


Automatic Electric Sales Corp., 1038 W. 


Van Buren, Chicago 7, Ill. 


Circle F Mfg. Co., Trenton 4, N. J. 

Dialight Corp., 44 Stewart Ave., Brook- 
lyn 37. N. Y. 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2. Conn. 


Pass & Seymour, Inc., Solvay Station, Sy- 
racuse 9, N. Y. 

United States Gasket @o.. Plastics Diy. 
f 7 Garlock Packing Co., Camden 1, 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auriliaries. 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill. 

Mycalex Corp. of America, Cliften Blvd.. 
Clifton, N. J 

United States Gasket Co.. Plastics Div. 
¢ ~ Garlock Packing Co.. Camden 1. 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper-Corp., Waterbury 20, Conn. 

Essex Wire Corp., Wire and Cable Div.. 
Fort Wayne. Ind. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Handy & Harman, 82 Fulton, New York 
38, N. Y 


Kester Solder Ce. 4209 Wrightwood Ave.. 
Chicago 39, . 

London Chemical Co., Inc., 1537 Nerth 
Slst Ave., Melrose Park, Ill. 

National Lead Co., 111 Broadway, New 
York 6, N. ¥ 


SOLDERING EQUIPMENT 
(irons, Machines, ete.) 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N 

Ideal Industries, 1008 Park Ave.. 
Sycamore, Il. 

Vulcan Electric Co., Danvers 2, Mass. 


Inc., 


SOLDERLESS CONNECTORS. See Cen- 
nectors, Wire and Cable. 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver. 

Handy > Jeemen. 82 Fulton, New York 
88. N. Y. 

Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39. Ill 


SOLDER. SELF-FLUXING 
For Silver Solders see Brazing Alloys. 


Kester Solder Co., 4209 Wrightwood Ave... 
Chicago 39, Ill 

London Chemical Co., 1537 N. Sist Ave., 
Melrose Park, Ill. 

National Lead _ Co.. 
York 6. N. Y. 


1ll Broadway. New 


SOLENOIDS 


Allen-Bradley Co.. 
waukee 4, Wis 


1816 8. Second, Mil- 


Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Tl. 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, Ill. 


Automatic Switch Co.. 50-M Hanover Rd.. 
Florham Park, N. J 
Cannon Electric Co., Dept. 500. 3209 Hum- 


boldt, Los Angeles 31, Calif 


Comar Electric Co., 3349 W. Addison. 
Chicago 18, Ill nl é 

Controls Co, of America, 9551 Soreng 
Ave., Schiller Park, Ill 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 


Detroit Coil Ce., 2435 Hilton Rd., Detroit 
20, Mich 
Dormeyer Industries, 3414 Milwaukee Ave.. 


Chicago. Il. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. ¥ 

Guardian Electric, 1627-3 W Walnut 
Chicago 12, Ill. 


Leach Relay Div., Leach Corp.. 5915 Ava- 
lon Blvd., Los Angeles 3, Calif. 

Leland. Inc., G. H., 123 Webster, Dayton 
2. Ohio 

McQuay-Norris Manufacturing Co., 2822 
Marconi, St. Louis 10, Mo. 

Master Appliance Mfg. Ce., Racine 2. Wis. 

Oak Mfg. Co.. 1258 Clybourn Ave., Chi- 
cago 10. Ill 

Phillips Control Corp., 59 W. Washington. 
Joliet, Ill 

R-B-M “‘Control’’ Div., Essex Wire Corp.. 
Logansport, Ind. 

Trombetta Solenoid Corp., 329 N. Mil- 
waukee, Milwaukee 2, Wis. 


Westinghouse Electric Corp., Gateway. 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 

SPEED INDICATORS. See Tachometers. 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors, 


Allis-Chalmers, Milwaukee 1, Wis. 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave.. Ft. Wayne, Ind. 

oo, Electric Co., 1806 Pine. St. Louis 
, Mo. 

Baton Mfg. Co., 3307 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y¥ 

Janette Electric Mfg. Co., Morton Grove 


Ill 
Reeves Pulley Co.. Columbus, Ind. 


Dynamatic Div., 


ELECTRICAL MANUFACTURING 
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this INDOX V magnet has the same field energy .. as this larger conventional ceramic mag 


%o STRONGER... 


NEW Indox V ceramic magnet! 


Indox V .. . another first from the research and development 
laboratories of The Indiana Steel Products Company . . . produces 
32 times greater energy than conventional ceramic magnets of 
the same weight or same size. This unique new permanent magnet 
material is now available. It offers these important advantages: 


indox V requires no critical materials. It is a highly 
oriented barium ferrite . . using inexpensive, noncritical, 
raw materials that are constantly available. Shortages 
in times of emergency cannot occur. 


Indox V requires less space, weight to do same job. 
Volume and weight comparisons show that the energy 
of Indox V far exceeds Indox I .. and is comparable to 
Alnico V, the strongest permanent magnet material com- 
mercially available. 


Indox V offers high resistance to demagnetization. 
Indox V magnets can be designed for applications where 
extremely high demagnetizing forces exist . . without 
irreversible losses occuring. This means it can be used 
where other types of magnets have been impractical . . 
for example, in stators of medium-size electric motors 
where electromagnets are now being used. 


JUST PUBLISHED! This two-page data sheet gives detailed 
information on new high energy Indox V. Use this coupon 
to request your copy. Ask for Bulletin 16-B-8 


.. ideal for: 


e D-C motors 

© Synchronous drives 

¢ Traveling wave tubes 

* High-fidelity loud-speakers 

© Eddy current drives 

* Tractive devices where size is important 


PERMEANCE COEFFICIENT—P 


0 80 «#10 


ENERGY PRODUCT —8d Hd « 10° 
* 36 =; 20 


10 


ENERGY PRODUCT—Bd Hd « 


Comparison of demagnetization and energy product curve 
for conventional Indox I ceramic magnets and the new, 
high energy Indox V magnets. 


THE INDIANA STEEL PRODUCTS COMPANY * VALPARAISO, INDIANA 


.. the world’s largest manufacturer of permanent magnets 


Name_ 





Company 


OEE 
aaa 





Address 





| _Zone e 


In Canada: The Indiana Steel Products Company of Canada Limited 


MAGNETS 


Kitchener, Ontario 
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1 IDEAL, A aL 


A-O WIRE 
CONNECTOR 





Smaller parts and products with low 
current requirements require a com- 
pact screw-on wire connector. 
IDEAL’S all-new A-O Connector 
meets this need . . . joins most com- 
mon wire combinations from #18 to #24 quickly, per- 
manently. It twists, threads, grips and insulates in one 
simple operation, and can be applied by hand or me- 
chanical driver. 


Tough, non-porous plastic shell provides excellent in- 
sulation, resists nearly all chemical action, takes minimum 
space. Non-abrasive threads grip firmly but never damage 
even the finest wire strands. For 300 V. use. 


If your products require wires smaller than #18, you 
can save production hours, increase quality, and prac- 
tically eliminate rejects by using IDEAL’S A-O Connector. 
For wires larger than #18, there are four basic sizes 
including a “hi-volt” approved for 600 V. use and up to 
1000 V. in lighting fixtures. Try them all at our expense. 


MAIL COUPON FOR FREE SAMPLES 


Team them Up with 
NEW LOW-COST “‘Split-Second”’ 


ELECTRIC 
(DEAL) CONNECTOR DRIVER 


Costs Less than 
Standard Torque Tools 


Splined Driver Socket provides ex- 
actly right twist and tension for Per- 
fect connections every time! Light 
hand-squeeze control. Motor stalls at 
proper connector tension—can’t twist 
off wires. No clutch, nothing to get 
out of order. 5 Driver Socket sizes. 


SOLD THROUGH AMERICA'S LEADING DISTRIBUTORS 
In Canada: Irving Smith, Ltd., Montreal 


meee een ee ee ee eer 


IDEAL INDUSTRIES, Inc 





1008-H Park Avenue, Sycamore, Illinois 1 
Please send FREE SAMPLES of IDEAL All- 1 
Plastic Connectors. We connect 1 
No.__ —__.wires to______.No | 
Wires. 
Send free catalog data on IDEAI Connector Driver. : 
i Pittst kOichhw desk chwuk een kabe ocd ks ccnsecbeswneenh 
! | 
ee Ce bo conch Se back ews :saeaee ues Saye l 
. ee ee ee ae pee ee nas 
L Sk yhsicesn owas pe ‘ ...Zone....State.... 
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SPRINGS. COIL and FLAT 


Accurate Spring Mfg. Co., 3817 W. Lake. 
Chicago 24, Ill. 

American Spring and Wire Specialty Ce. 
816 N. Spaulding Ave., Chicago 51, Ml 

American Steel & Wire Div.. U. 8. Steel 
Corp., Reckefeller Bidg., Cleveland 18 
Ohio 

Associated Spring Corp., Bristol, Conn. 


Barnes Co.. Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 
Barnes-Gibson-Raymond, Div. Associated 
Spring Corp.. 40300 Plymouth Rd. 
Plymouth, Mich. 

Chatillon & Sons, John, 85 Cliff, New 


York 38, N. Y. 

Dudek & Bock Spring Mfg. Co.. 4016 W 
Grand Ave., Chicago 51, Ill 

Dunbar Bros. Co., Div. Associated Spring 
Corp.. Bristol, Conn 

=. Inc., George K., Philadelphia 
34, Pa. 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 14. IIL 

Gibson Electric Co.. 834% Frankstown Ave. 
Pittsburgh 21, Pa 

Hunter Spring Co., 22 Spring Ave., Lans- 
dale, Pa. 

Instrument Specialties Co., Inc., 244 Ber- 
gen Blvd., Little Falls, N. J. (Beryl- 


lium, Copper) 

Lewis Spring & Mfg. Co.. 2646 W. North 
Ave.. Chicago 47, [ll 

Ohio Div., Associated Spring Corp., 1712 
E. list, Dayton, Ohio 

Raymond Mfg. Co.. Div. Associated Spring 
Corp., Corry, Pa. 


STAINLESS STEEL. See Steel. Commer 
cial Forms and Grades. 


STAMPINGS, METAL 

Accurate Spring Mfg. Co., 3817 W. 
Chicago 24, Ill 

Aluminum Goods Manufacturing Co.. 
itowoc, Wis 

American Spring and Wire Specialty Co. 
816 N. Spaulding Awve., Chicago 51. Ill 

Auburn Manufacturing Co.. 306-I Stack 
Middletown, Conn 


Lake 
Man 


Barnes Co., Wallace, Div. Associated 
Spring Corp.. Bristol. Conn 
Barnes-Gibsen-Raymond Div. Associated 


Spring Corp., 40300 Plymouth Rd., Ply- 
mouth. Mich. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Deringer Metallurgical Corp., 8119 Monti- 
cello Ave., Skokie, Ill. 

Dudek & Bock Spring Mfg. Co., 4016 W. 
Grand Ave., Chicago 51, Ill. 

Dunbar Bros. Co.. Div. Associated Spring 
Corp., Bristol, Conn. 

7 Co., 27 Wright, Newark 5. 


Erie Resistor Corp., Electronics Div., Erie, 


‘a. 

Federal Tool & Manufacturing Co., 3609 
Alabama Ave., Minneapolis 16, Minn. 

Fryling Mfg. Co., Erie, Pa. 

Seren Co. Inc., George K., Philadelphia 

. Pa. 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave.. Chi- 
cago 4, Til. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9. Ohio 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, TL 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, NL 


Mohawk Mfg. Co., Middletown. Conn. 
(Threaded) 
Ohio Div., Associated Spring Corp., 1712 


East First, Dayton, Ohio 

Raymond Mfg. Co., Div. Associated Spring 
Corp.. Corry, Pa. 

Revere Copper and Brass, Inc., 230 Park 
Ave.. New York 17, N. Y. 

Shakeproof Div. of [Illinois Tool Works, 
St. Charles Rd., Elgin, Ml 


Sylvania Electric Products, Inc., 1740 
Broadway, New York 19. N. Y¥. 
United-Carr Fastener Corp.. Cambridge 


42, Mass. 

Wenco Mfg. Co., 1136 West Hubbard, Chi- 
cago 22. Til 

Winzeler Manufacturing and Tool Co., 1712 
W. Arcade Place, Chicago 12, Iil 


STAMPINGS, NON-METALLIC 


Auburn Manufacturing Co.. 306-I Stack, 
Middletown, Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc.. Newark 13, Del 

Ford Radio & Mica Corp., 536-540 63rd 


Brooklyn, N. Y. 

Fryling Mfg. Co., Erie, Pa 

Richardson Co., 2799 Lake, Melrose Park, 
Til. 

Stahlin Brothers Fibre Works, Inc.. 
E. Belding, Mich. 


Dept. 
STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auxiliaries. 


STARTERS, MOTOR. See 
Motor; Push Button Stations 


Controllers. 


STEATITE. See Ceramics 


STEEL (Commercial Forms and Grades) 


Alloy (A) 
Bars (B) 
Carbon (Cc) 
Coated (D) 
Enameling (E) 
Stainless (N) 
Cold Rolled Only (0) 
Sheets and Strips (Ss) 
Tubing (T) 
(See also Steel, Electrical) 


Acme-Newport Steel Corp.. Newport, Ky. 


(ADES) 
Allegheny Ludium Steel Corp., Oliver 
Bidg.. Pittsburgh 22, Pa. (NS) 


American Steel & Wire Div., U. 8S. Steel 
Corp., Rockefeller Bldg.. Cleveland 13. 


Ohio (NS) 

Barnes Co., Wallace, Div. 
Spring Corp., Bristol, Conn. ‘(s8-CO) 
(Spring) 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20. Conn 
(N) 


Associated 


Columbia-Geneva Steel Div.. U. S. Steel 
Corp., San Francisco, Calif. 
Crucible Steel Co. of America. Chamber 


of Commerce Bldg., Pittsburgh 19. Pa 


(ABCNS) 

Driver Co., Wilbur B., 1875 Mc Carter 
Highway, Newark, N. J. (Stainless steel 
Wire) 


National Tube Div., U. 8 


Steel Corp. 
Pittsburgh, Pa. 


Penn Precision Products, Inc., 501 Cres- 
cent Ave., Reading, Pa. (NS) 

Revere Copper and Brass, Inc 230 Park 
Ave., New York 17, N. Y. (T) 

Ryerson & Son, In Joseph T., Chicago 
80, Ill. (ABCDENST) 

Sharon Steel Corp., Sharon, Pa. (ABCD 


ENST) 
Superior Tube Co., Norristown, Pa. (AC 
Tennessee Coal & Iron Div., U 
Corp., Fairfield, Ala. 
U.S. Steel Corp., 525 William Penn Pi 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN 
Washington Steel Corp., 4-BB Woodland 
Ave., Washington, Pa. (NS) 


8S. Steel 


STEEL, ELECTRICAL (Silicon) 
(Sheets and Strips) 


Acme-Newport Steel Corp., 

Allegheny Ludlum Steel 
Bldg., Pittsburgh 22, Pa 

Sharon Steel Corp.. Sharon, Pa 

U. 8S. Steel Corp., 525 William Penn Pi.. 
Pittsburgh 30, Pa 


Newport. Ky 
Corp., Oliver 





STRAIN RELIEFS. See Grips and Clamps 
Strain Relief 


STRIPPERS, WIRE 


Acme Wire Machine Co., 234 E. 3rd, New 
York 9, N. ¥ 

Artos Engineering Co., 2737 S. 28th, Mil 
waukee 7, Wis. 

Holub Industries, Inc., 445 Elm, Syce 
more, Ill. 

Ideal Industries, Inc., 1008 Park Ave 
Sycamore, Ill 

London Chemical Co., Inc., 1537 N. 31s 
Ave., Melrose Park, Ill 

Wenco Mfg. Co., 1136 West Hubbard 
Chicago 22, Ill 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


AMP Incorporated, 2100 Paxton, Harris 
burg, Pa. 
Alcor Manufacturing (*« 4444 W. Roos: 


velt Road, Chicago 24, Ill 

American Lava Corp., Chattanooga 5, Tenn. 

Audio Development Co 2836 13th Ave 
South, Minneapolis Minn 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J. 

Burndy Corp., Omaton 
Conn. 

Cambridge Thermionic Corp.. 453 Concord 
Ave. Cambridge 38, Mass 

Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis. 

eee Co., 210 E. 6th, 
Ohio 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Jones Div., Howard B., Cinch Mfg. Corp 
Chicago 24, Ill. 


Div., Norwalk. 


Dayton 2. 


Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. 
Molex Products Co., Brookfield, I1! 


Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J 

Rex Rheostat Co., Baldwin, L. I., N. Y¥ 

Stromberg-Carlson, A Div. of General Dy 
namics Corp., 117 Carlson Rd., Rochester 


te A 

Thomas & Betts Co., Inc., 28 Butler 
Elizabeth 1, N. J 

United States Gasket Co., Plastics Dis 


of The Garlock Packing Co., Camden 1 


N. J. ‘ 
SWITCHES, AUTOMATIC and MANUAL 
Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Magnetic (Cc) 
Mercury (D) 
Pressure (E) 
Thermal (F) 
Time (G) 
Transfer (H) 
Vacuum (J) 
Canopy and Fixture (K) 
Foot (L) 
Heater (Series Multiple) (M) 

Jack, Key and Lever (N) 
Panel (0) 

Snap (Toggle. Slide. 

Rotary) (P) 
Remote Control (R) 
Selector (Ss) 
Through-Card (Snap) (T) 
Coaxial (Uv) 
Motor Speed Control (Vv) 
Rotary (Ww) 

Coin (X) 
Push Button (Y) 
See also Circuit Breakers; Push Button 
Stations; Controllers. Motor; Kela.- 
Timers. 


amern. Inc., 50 State, Mankato, Mins 

( ) 

Adams & Westlake Co., Elkhart, Ind 

Alcor Manufacturing © 1444 W. Roose 
velt Road, Chicago 21, Ill 

Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis. (ACEFJPR) 
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ROSITE rice! 


Sean 
ae * 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 


"Reg. 





LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACTURERS 


Circle 337 on page 17 


NEW DEPENDABILITY in for BUS BAR 
SUB-MINIATURIZATION INSULATORS 


where you must be positive, specify 
ACEPOTS* — ACETRIMS* 
HE photograph above shows some of the 
custom molded ROSITE insulators being 
produced for leading electrical bus duct manu- 
facturers. Stone-like ROSITE inorganic and 
organic compounds have become preferred ma- 


ACEPOTS ead ACETRIMS meet terials for these insulators because of increased 


unusually rigid functional and 7 ae . e 
shaataa Muuadiemieites “Che canalal decane shock strength provided as compared with older 


ant Ge ces ae er lea types of fireproof, noncarbonizing moldings. 


—SS— Other advantages include dimensional accuracy 

ACEPOT scernin and ease of molding in complex shapes. Low per 

(potentiometer (trimmer “i . 

Resistance Range 10 {2 to 250K+2% 10 42t0150K+3% pound material cost combined with our auto 


Linearity + .3% + 3% 


ae ag ternal sna ; matic molding techniques make for economy. 
Ambi T . —55° C to 150° C —55° € to 125° es . : Set rR Tm ry 
— "rane saat Inquiries are invited—WRITE TODAY! 


The above are standard other values on special order 
Threaded bushing, servo, flush tapped hole or flange mounting, 


and ganged units. Sealed, moistureproofed, and anti-fungus PRODUCED EXCLUSIVELY BY 
treated. Meet JAN specs and MIL-E-5272A standards 


Std. size pots and trimmers to RETMA specs also available. 


Specify ACEPOTS and ACETRIMS for applications where you must be : Oo S T oO N E 


positive. Expedited delivery. Send for Fact File and application data 


sheets. * trademarks applied for C Oo eR io R AT i iN 
ACEPOL: - 2 


ACE ELECTRONICS ASSOCIATES ; 
AETRIM * Dept. EM, 10) Dover St., Somerville 44, Massachusetts Engineers and Custom Molders 


Telephone: SOmerset 6-5130 — Engineering Representatives in principal cities 2405 S. 
See the newest and latest at the Wescon Show, Booth 2720. 


Condensed Engineering Data 


Concord Road . Lafayette, Indiana 


AUGUST 1957 Circle 338 on page 17 Circle 336 on page 17 353 





Frequent time adjustments are no problem with the dial head 
available on AGASTAT time/delay/relays. They provide a com- 
plete range of adjustment with I revolution of the dial. Dial 
markings permit easy calibration for accurate adjustment. And 
you can spot each of the 4 timing ranges quickly because they 
are color coded: blue from 30 seconds to 15 minutes: red from 


10 seconds to 2 


from 0.1 to 3 seconds. 


Like all AGASTAT relays, units with dial heads are sole- 
noid actuated, pneumatically timed. Each model is available 
with either dial head or needle valve adjustment. Where fre- 
quent readjustment of timing is necessary, dial head adjustment 


should be specified. For bulletin on all popular AGASTAT time 


2 minutes; yellow from 0.1 to 10 seconds; white 


delay relays, write to: Dept. A28-821. 


DIVISION 


Elastic Stop Nut Corporation 
of America 


1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 


Circle 378 on page 17 


RHEOSTAT CO 


BALDWIN, N.Y 


TOROIDAL 


Circle 379 on page 17 


COMPOUNDS 


FOR BLENDING 


fo your specifications. 
and samples furnished upon 
request. 


Data 


FOR IMPREGNATING 


coils, wire coverings, paper forms, 
porous ceramics, etc. 


FOR SEALING 


condensers, batteries, exposed ter- 
minals, etc. 


FOR DIPPING 


electrical component assemblies in- 


cluding corona loss barrier mate 
rials. 


FOR POTTING 

transformers and electrical com- 
ponent assemblies with varying 
degrees of heat conductivity. 
FOR ENCAPSULATING 
coils, electrical component assem- 
blies requiring higher thermal and 
moisture resistance, 


BIWAX CORPORATION 


3443 HOWARD ST. 


SKOKIE, ILLINOIS 


Circle 380 on page 17 


Allied Control Co., Inc., 2 Hast End Ave.. 
New York 21, N. Y. (CDGHR) 

Allis-Chalmers, Milwaukee 1, Wis. (RS) 

Anderson Controls, Inc.. 2777 Mannheim 
Rd., Des Plaines, Il 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. (ACDHK 
MPRT) 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, Ill. (BCDGHL 
NRSTVW) 

Automatic Switch Co.. 50-M Hanover Rd 
Florham Park, N. J. (CHR) 

Automatic Timing & Controls, In Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa 

Kristol Co., Waterbury 20, Conn. (ADEF 
GIPRS) 

Centralab Div. of Globe-Union In 914 
E. Keefe Ave., Milwaukee 1, Wis 
(NSW) 

Circle F Mfg, Co., Trenton 4, N. J 
(KPWY) 

Cissell Mfg. Co., Inc... W. M. 831 8 

P. 0. Box 1143, Louisville, Ky 

Clare & Co.. C. P.. 3101 Pratt Blvd. 
Chicago 45. IIL (SW) 

Clark Controller Co.. 1146 E. 152nd, Cleve- 
land 10. Ohio (C) 

Comar Electric Co.. 3349 W. 

Chirago 18, Ill. (N) 

Controls Cx of America, 9551 Soreng 
Ave., Schiller Park, Ill (ABBLPS 
Cramer Controls Corp., Box 8, Center- 
brook. Conn. (G) 
Crouse-Hinds Co.,. 

(DPSV) 

Curtiss-Wright Corp., Carlstadt. N. J. (F) 

Cutler-Hammer, Inc.. 1264 St. Paul Ave 
Milwaukee 1, Wis. (EGLPW) 


Addison 


Syracuse 1, N. Y 


Daren Co., 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N. J. (8) 

Denison Manufacturing Co., R. B.. 102 
St. Clair Ave.. N. W., Cleveland 13 
Ohio (B) 

Detroit Controls Corp., Div. of American- 
Standard, 5900 Trumbull Ave., Detroit 


& Mich. (P) 
210 E. 6th, Dayton 2 


Dimeo-Gray Co., 
Elkhart, Ind. (D) 


Ohio (G) 

Durakool, Inc 

Eacte Signal Corp., 202 20th, Moline. Tl! 
a 


Instrument 
Roseland 


Edison Industries. Thomas A., 
Div MrGraw-FEdison Co., 
N. J. (FG 

Eitel-McCullough, Inc 
(J) 

Electro-Snap Switch and Mfg. Co.. 423% 
W_ Lake. Chicago 24. Til. (B) 

Electro Switch Corp.. Weymouth 88, Mass 
(sw) 

Fasco Industries, Inc., N. ¥ 
(EJO) 

Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 
Corn., 10@ Kingsland Rd., Clifton, N. J 
(NS) 

Fenwal, Inc 
(FP) 

Furnas Electric Co. 
Il. (ABCEFLO) 

G-V Controls. Inc.. 8 Hollywood Plaza 
Fast Orange, N. J. (FG) 

General Electric Co.. Construction Mate 
rials Div.. Bridgeport 2, Conn. (8S) 
General Electric Co., Apparatus Sales Div 
Schenectady 5. N. Y. (ABCDEFGHIJK 

MNOPRSTUVWY) 

Guardian Electric, 1627-3. W. 
Chicago 12, Ill. (CFGHN) 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. (MOPRSU) 
Haydon Mfg. Co., Inc., 2527 Elm, Tor- 

rington, Conn. (G) 

Heinemann Electric Co.. 99 Plum. Tren- 
ton 2. N. J. (0) 

Hetherington, Inc., 1200 Elmwood Ave 
Sharon Hill. Pa. (P) 

Kellogg Switchboard and Supply Co., 79 
W. Monroe. Chicago 3, Ill. (8S) (Cross- 
bar) 

Lakewood Controls Corp.. 264 E. Prairie 
Crystat Lake. Ill. 

Leach Relay Div., Leach Corp.. 5915 Ava 
lon Blvd., Los Angeles 3. Calif 

Leland. Inc., G. H., 123 Webster, Dayton 
2. Ohio 

Littelfuse, Des Plaines, Tl. 

Lux Clock Manufacturing Co., 
bury 20, Conn. (G) 

McQuay-Norris Manufacturing Co., 2322 
Marconi, St. Louis 19, Mo, (EJ) 

Mallory & Co., Inc., P. R., Indianapolis 
6. Ind. (GNPSWY) 

Master Appliance Mfg. Co.. Racine 2, Wis 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41. Ill. (ABCDEF) 

Micro Switch. a Div. of Minneapolis- 
Honeywell Regulator Co., Freeport. I) 
(BDFLSW) 

Oak Mfg. Co., 1258 Clybourn Ave.. Chi- 
cago 10. Til. (NWZ) 

Ohmite Mfg. Co., 3613 Howard, Skokie 
tll. (NS) 

Pass & Seymour. Inc.. 
racuee 9. N 7 

Pyle-National Co 
Chicago 51, IH 

R-B-M ‘‘Control’’ Div., Essex Wire Corp.. 
Logansport, Ind. 

Robertshaw-Fulton Controls Co., Acro Div 
Columbus 16, Ohio (B) 

Spencer Thermostat Miv.. Metals & (on- 
trols Corp., 3608 Forest, Attleboro 
Mass. (EF) 

Square D Co 


San Bruno. Calif 


Rochester 2 


18 Pleasant, Ashland, Mass 


1024 McKee, Batavia 


Walnut, 


Inc., Water- 


Solvay Station, Sy- 


1388 N. Kostner Ave., 


4041 N. Richards, Milwau- 
ee 12, Wis. (ABCEFLOPR) 
Stackpole Carbon Co., St. Marys, Pa. (P) 
Stromberg-Carlson, A Div. of General Dy- 
namics Corp., 117 Carlson Rd., Rochester 
S. 3... 
Switchcraft, Inc.. 
22. Tl. (N) 
Ther Electric & Muchine Works, 11A 8 
Jefferson, Chicago 6, Til. (S) 
Torq Engineered Products, Inc., 
Monroe, Bedford, Ohio (V) 
Unimax Switch Div., The W. L. Maxson 
Corp., Ives Rd., Wallingford, Conn. (D) 


1328 N. Halsted. Chicago 


34 W 


Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y. (CGHOR) 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave. 
Pittsburgh 30. Pa. (ABCDEFGHLOPS) 

Zenith Electric Co., 152 W. Walton, Chi- 
cago lv, Ili (HR) 


SYNCHROS. See Servomechanisms 


TACHOMETERS 


Bristol Co., Waterbury 20, Conn 

General Electric Cv., Apparatus Sates Div., 
Schenectady 5, N. Y. 

Ideal Industries, Inc., 1008 
Sycamore, Ill. 

Reliance Electric & Enginecring Co 
Euclid Ave., Cleveland 17. Ohle 

Weston Electrical Instrument Corp.. A Sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


Park Ave., 


24701 


TAGS, TERMINAL 

National Band & Tag Co., P.O. Box 
9-254, Newport Ky 

Natvar Corp., 207 Kandoiph Ave 
bridge, N. J. 


Wood 


TANTALUM 


Fansteel Metallurgical Corp., 
cago, Ill 

Mallory & Co., Inc., P. R 
6. Ind. 


TAPE, ADHESIVE and COIL 
FASTENING 


Armstrong Cork (x 7007 Ingersol, Lan 
caster, Pa. 

Dennison Manufacturing Co., 300 Howard 
Framingham, Mass 

Insulation Manufacturers Corp 565 W 
Washington Bivd.. Chicago 6, Ill 

Johns- Manville Dutch Brand lroducts 
7800 Woodlawn Ave., Chicago 19, Ill 
Kendall Co.. Polyken Sales Div., 309 W 
Jackson Blvd., Chicago 6, Tl 

Minnesota Mining & Mfg. Co.. Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6. Minn 
Permacel Tape Corp 
New Brunswick, N 


North Chi 


liudianapolls 


State Highway 25 


TAPE. FRICTION and SPLICE 


Insulation Manufacturers Corp "nw OW 
Washington Bivd.. Chicago 6 MM 

Irvington Div., Minnesota Mining & Man 
ufacturing Co., 9 Argyle Terrace, Irving 
ton 11, N. J 

Johns-Manville, Box 14 
N Y 

Johns-Manville. Dutch 
7800 Woodlawn Ave. Chicago 19. Tl 

Kendall Co.. Polyker Sales Div., 309 W 
Jackson Blvd., Chicago 6. Tl 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 


New York 18 


Brand Products 


TAPE, INSULATING. See Fabrics. In 
sulating: Sleeving and Tape. Ashestor 
Tape, Friction and Splice: Tape and 
Sheeting, Synthetic Resin 


TAPE, MAGNETIC RECORDING. Ser 
Magnetic Recorder Components 


TAPE, MICA. See Mica. 


TAPE and SYNTHETIC 


RESIN 


Borden Co 
Calif 

Continental-Diamond Fibre A Sub 
Budd Co., Newark 13. Del 

du Pont de Nemours & Co, (Inc.). E_I 
Plastics Div., Polychemicals Dept.. Wil 
mington 98, Del. 

General Electric Co.. Chemical 
ment Dept.. Pittsfield. Mass 

Insulation Manufacturers Corp 565 W 
Washington Bivd., Chicage 6. Ill 

Irvington Div., Minnesota Mining & Manu 
facturing Co.. 9 Argyle Terrace, Irving 
ton 11, N. J. 

Kendall Co., Polyken Sales Div 
Jackson Blvd., Chicago 6 Ii! 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave.. St 
Paul 6, Minn 

Natvar Corn., °07 
bridge. N. J 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J 

Raybestos-Manhattan Ine Plastic Prod 
ducts Div Manheim, Pa 

Shamban & Co.. W. 8S. 11617 W. Jef- 
ferson Blvd Culver City. Calif. 

United States Gasket (« Plastics Div 
of The Garlock Packing Co., Camden 1 
mm. Oe 


SHEETING, 


, Santa Barbara 


of The 


Resinite Dept 


Develap 


309 W 


Randolph Ave Wood 


TAPES, MEASURING 


Keuffel & Esser Co., Hoboken, N. J 


TELEPHONES 


Crouse-Hinds Co.. Syracuse 1. N. Y. 

Kellogg Switchboard and Supply Cc 
W Monroe, Chicago 3, Ill 

National Pneumatic Co Inc., Holtzer 
Cabot Div 125 Amory Boston 19% 
Mass 

Stromberg -Carlson A Div of General 
Dynamics Corp 117 Carlson Rd., Ro 
hester 3, N. Y 


TEMPERATURE CONTROLS. See Con 
trols, Pressure and Temperature; Relays 
Switches; Thermometers: Thermostats 


TERMINAL BLOCKS. See Strips 


TERMINALS. See Lugs and Terminals 


ELECTRICAL MANUFACTURING 





How National Electric Coil Co. uses J-M Quinterra’ 


to make their insulations 
resist higher temperatures 


Quinterra 


High temperature problems in the electric field are 
constantly being solved by the National Electric Coil 
Company of Columbus, Ohio. One of the most effective 
solutions is their Silicone Insulation, specially developed 
for Class H motors and other high temperature 
applications. 

National Electric Coil picked Johns-Manville’s Type 3 
Quinterra as the base material for this insulation. Its 
dielectric strength exceeds 225 VPM even after extended 
exposure to temperatures of 300C. Made from highly 
purified asbestos it resists corrosion, rust, rot, chemical 
fumes, solvents, acids, and alkalies. Specially treated 
with a silicone saturant, it is relatively unaffected by 
moisture. Strong and flexible, it will not crack or craze. 


These basic properties are enhanced by National 
Electric Coil through further treating with a moisture- 
resistant silicone varnish and adding a layer of high- 
strength glass cloth. The result is a superior electrical 
insulation for use as a Class H slot liner. 


For further information about Quinterra write 
Johns-Manville, Box 14, New York 16, N. Y. 


National Electric 

Coil uses this 

Quinterra base 

Silicone-glass 

composite as slot 

liners in their = 

extensive motor Roll of J-M Quinterra Type 3 is here being 
repair operations. treated with silicone varnish at National 
It is also available to Electric Coil plant. 

others as Catalog 

#8A343 from their 

Columbus, Ohio, 

factory. 
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2 


§ 


GENERAL 


PURPOSE 
RELAY 


(SERIES 13 


© RELAY) 


... the most useful relay 
for industrial application 


NO OTHER RELAY 


CONTACTS 
Single-and-double pole 


Single-and-doubie throw 


Aux. DT contacts available 


MUL 


LARGE 
BINDING-HEAD SCREWS 
for No. 12 Wire or Lugs 


MOULDED BAKELITE 


contact support 


TI-POSITION 


REMOVABLE 
MOUNTING BASE 


SPECIFICATION 
RATINGS coms 

20 amp. of 115 V ACE DC te 230V 

60Cy. ACor24 VDC (Interchangeable) 

Power—2 watts 


Bose—1" 


U.L. Approved 


DIMENSIONS x3% 


1S SO VERSATILE 


$s 
MOUNTING BASE 


Metal strap or bokelite. 
Base can be rotated 90 
degrees either direction 
for mounting convenience. 


Request complete data on Series 130 Relay. 


mCP ee 


WIN 


TALS 


RELAYS Rweesd el, ici: 


STE 


ctor oe 


making 


bey) tbc) 


Circle 382 on page 17 





DYKEM 
eT 


Dies and 


layout 


The dark blue background 


makes 
show u 


prevents metal glare. In- 
creases efficiency and 


Write for sample 
on company letterhead 


2303 North 11th St. 


Circle 383 on page 17 


Popular pe, is 
8-oz. can 
Bakelite cap holding 
soft-hair brush for - 
plying right at bench: 
metal surface ready for 


ed with 


in a few minutes. 


the scribed lines 
p in sharp relief, 


accuracy. 


« St. Lovis 6, Mo. 


FOLDING QOUBLE CUPPED WASHER LUGS 


0O=—= Solderless 


—00 
.O— 
mum O) 


Easy to Apply 


No Special Tool Needed 
One-Piece Construction 


Efficient in Write for 


Service Bulletin 8-DF 


ce) 


tana ew ta) a 


1043 EVANS STREET, CINCINNATI 4, OHIO 


Circle 384 on page 17 


TESTING CHAMBERS. Sex 
Test. 


Chambers 


TESTING INSTRUMENTS. see 
ments. Also Tools. Portable. 


THERMAL SWITCHES. See Switches 


THERMISTORS 


Generai Electric Co., Metallurgical Prod 
ucts Dept.. 11131 E. 8 Mile Ave., De 
troit 32. Mich 


Instru 


THERMOCOUPLES 


Assembly Products, Inc 


Ohio 

Baker & Co., 

N, J. 

Bristol Co., Waterbury 20, Conn 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Kockbestos Products Corp. 
Conn. 


Chesterland 14 


Inc., 113 Astor, Newark 5 


New Haven 4 


Westuughouse Electric Corp., Gateway 
Center, Bldg. No. 3. 401 Liberty Ave 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp. A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 

Wheelco Instruments Div., 
Co., 1403 Rock, Rockford, 


Barber-Coilman 
Ill. 


THERMOMETERS 
Assembly Products, 


Obie 
Brisvol Co.. Waterbury 20, Conn 
McGraw-Edison Co., Instrument 
Dept. 53, West Orange, N. J 
Weston Electrical Instrumen. Corp., & sub 
of Daystrom, Inc., ti4 f#relinghuysen 
Ave.. Newark 5, N. J 
Wheelco Instruments Diy 
Co., 1403 Rock, Rockfora 


Inc.. Chesterland 14 


Div. 


Barber-Colmar 
iu 


THERMOPLASTIC WIRE. 
Cable, Insulated. 


See Wire an 


THERMOSTATIC BIMETALS 


nee Co., Inc., 118 Astor, 

Brainin Co.. C. S.. 31% Washington 
Vernon, N. Y. 

Bristol Co., 153 Bristol 
20, Conn 

Chace Co., W. M.. 
troit 9. Mich. 

General Plate Div.. Metals and Contre! 
Corp 1908 Forest Attleboro Mass 

Wilson Co., H. A., Route 22, Union. N. 4 


Newark 5 
Mt 


Kd... Waterbur> 


1608 Beard Ave., De 


THERMOSTATS 


Acro Manufacturing 
Ohio 

Barber-Colman Co. 
Roekford, Ill. 

Bristol Co.. Waterbury 20, Conn. 

Curtiss-Wright Corp., Carlstadt, 

Edison Industries Thomas A., 
ment Div.. McGraw-Edison Co., 
land, N. J 


Fenwal, Inc., 18 Pleasant, Ashland, Mass 
G-V Controls. Inc.. 8 Hollywood Plaza 
East Orange. N. J. 

General Electric Co., Apparatus Sales Div. 
Schenectady 5. N. Y. 
Hart Manufacturing Co.. 211 
Ave.. Hartford 1. Conn 
Mechanical Industries Production Co 
Ash, Akron 8. Ohio 
Mercoid Corp. 4201 

cago 41, Ill 
Robertshaw-Fulton Controls Co.. 

Columbus 16. Ohio 
Spencer Thermostat Div., 


trols Corp 3608 F 


Co.. Columbus 16 


Dept. T Rock 


1203 


N. J. 
Instru 
Rose- 


Bartholomew 
21) 


Belmont Ave., Chi 


Acro Div 


Metals & Con 
rest Attlebor« 


Stercus Mfg Co 
Mansfield, Ohio 
Still-Man Manufacturing Corp., 
164th. New York 56 N Y¥ 
Torq Engineered Products 
Monroe, Bedford, Ohio 
Westinghouse Electr 
Center, Bldg. No. 3 
Pittsburgh 30. Pa 
Wheelco Instruments Div., 
Co.. 1403 Kock, Rockford 
Wiegand Co. Edwin L 
Blvd., Pittsburgh 8. Pa. 
Wilcolator Co., 1001 Newark Ave., 
beth, N. J. 


Lexington an 
429-33 E 
Inc 34 W 


Inc., 


Corp.. 
401 


Gateway 
Liberty Ave. 


Barber-Colman 
Ill. 
7530 Thomas 


Eliza- 


TIMERS, MOOR 


AEMCO. Inc., 50 State. Mankato, Minn 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis 

Automtic Timing & Controls 
of Safety Indusiries Inc., 
Prussia 6, Pa 

Bristol Co., Waterbury 

Bristol Motor Div. 
ica, Inc., 10% 
Conn. 

Cramer Controls 
brook, Conn. 
Controls Co, of 
Ave., Schiller 
Dimco-Gray Co 


Inc Sub 
King of 


20. Conn. 
Vocaline Co. of Amer- 

Coulter, Old Saybrook, 

Box 8. Center- 


9551 


Corp., 


America 
Park, Ill 
210 E. 6th, 


Soreng 
Dayton 2, 


Signal Corp., 202 20th, Moline 


General Electric Co.. Apparatus Sales Div., 

Schenectady 5. N. Y. 

Haydon Co., A. W., 234 N. Elm, Water- 

bury 20, Conn 

Haydon Mfg. Co., 2527 Elm, Tor- 
Tington, Conn. 
Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4, N. J. 
Lux Clock Manufacturing Co., Inc. Water- 
bury 20, Conn 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Til 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Stromberg-Carlson, A Div. of General Dy- 
on , 117 Carlson Rd., Rochester 


Ward Leonard Electric $4 South, 
Mount Vernon. N. Y. 

Westinghouse Electric cP Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, Ill 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Micronics Div., 
Elgin, Ill. 


TIME SWITCHES. See Switches. 


Co., 


TOOLS, PORTABLE 


Barber-Colman C« 
Rockford, Ill. (Hardness 
Gardner-Denver Co., Quincy 

matic) 
Master Appliance Mfg. Co., Racine 2, Wis. 
Ryerson & Son, Inc., Joseph T., Chicago 
Co., Leyd, 


80. Il. 
1022-82 N. Sixth, 
St. Louis 1, Mo. 


Scruggs 
Syntron Co., Homer City, Pa. 

Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, N. J. (Terminal Tools) 
United States Steel Supply Div,. United 
States Steel Corp., 208 S. La Salle. 

Chicago 4, Tl 


Dept, T, 1203 Rock 
Testing) 
Ill, (Penu 


TRACING CLOTH, FILM and = 


Keuffel & Esser Co., Hoboken, N. 
Ozalid. A Div. of General Aniline x Film 
Corp., Johnson City, N. Y. 


TRANSDUCERS, PRESSURE 


Automatic Timing & Controls 
Safety Industries, Inc., 
Prussia ¢ Pa 

Electro Products Laboratories. 
N. Ravenswood Ave.. Chicago 40. Il 

Servomechanisms, Inc Mechatrol Div., 17 
Brooklyn Ave., Westbury, L. L, N. Y 


Ine., Sub of 
King of 


Inc., 450) 


TRANSFER SWITCHES. See Switches 


TRANSFORMER HOUSINGS. See Cabi- 
nets, Sheet Metal 


TRANSFORMERS, ELECTRONIC 


Acme Electrie Co., Cuba. N. Y. 

Audio Development Cx 2836 
South, Minneapolis Minn. 

Caleaonia Electronics & Transformer Corp.. 
Dept EM-7, Caledonia, N. Y. 

Chicago Standard Transformer Corp., 
Addison. Chicago 18, IIL. 

Comar Electric Co.. 3349 W. 
Chicago 18, Ill 

Dano Electric Co 93 Main, 

Clybourn 


Conn, 
Mfg 


13th Ave 


3506 
Addison. 

Winsted 
Electran Co 


Ave.. 

Chicago 14, Ill 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
General Transformer Corp.. 18240 Harwood 
Ave., Homewood, IIL Pr. 0 


1901 


Nothelfer Winding Laboratories. 
Box 455, Dept. 101, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp 
of America, Harrison, N. J. 

Sola Electric Co., 4633 W. 16th, Chicago 


50, Tl 

Standard Electrical Products Co., 2240 E. 
Third. Dayton 3. Ohio 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9. Texas 

United Transformer Co., 150 Varick, New 
York 13. N. ¥ 


TRANSFORMERS, BALLAST. See Fluo- 
rescent Lamp Auxiliaries 


TRANSFORMERS. 
CURRENT 


Acme Electric Corp.. Cuba. N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp., 
Addison, Chicag 18. Ill 

Comar Electric Co., 38349 W. 
Chicago 18, Ill 

Dano Electric Co. 
Conn. 


INSTRUMENT 


350¢ 
Addison. 


Winsted. 
Electran Mfg. Co., Ave.. 
Chicago 14, Ill 


93 Main. 


1901 Clybourn 


Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
Schenectady 5, N 

General Transformer Corp., 182340 Harwood 
Ave.. Homewood, Il 

16th, Chicago 
50, Ill. 

Westinghouse Electric Gateway 
Center, Bidg. No 

Weston Electrical Instrument Corp., & sub. 
of Daystrom, Inc.. 614 Frelinghuysen 
Ave., Newark 5. N. J 

Acme Electric Co., Cuba, N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard a agg og Corp., 3506 

Comar Electric Co., 3349 we Addison. 
Chicago 18, Ill. 

Control, Box 391, Butler, Pa, 

1264 St. Paul Ave.. 
Milwaukee 1, Wis. 

Dano Electric Co., 

Dormeyer Industries, 3414 Milwaukee Ave.. 
Chicago, Ill 

Electran Mfg. Co., 1901 Clybourn Ave.. 

General Electric Co., Apparstus Sales Div.. 

General Transformer Corp 
Ave., Homewood, TIL 

Hevi Duty Electric Co.. Milwaukee 1. 

FD. Box 
455, Dept. 101. Trenton 8, N. 
RCA Electron Tube Div., Redtc’ Corp 


General Electric Co., Qponrates Bales Div.. 
Sola Electric Co., 46383 W 
on 
8. 401 berty Ave., 
Pittsburgh 36. Pa. 
TRANSFORMERS, POWER CIRCUIT 
Addison. Chicago 18, 
Cutler-Hammer, Inc., 
93 Main, Winsted 
Conn. 
Chicago 14, Ill. 
Schenectady 5, N. ¥ 
18240 Harwood 
Wis. 
Nothelfer Winding Laboratories 
of America, Harrison, N. J. 


ELECTRICAL MANUFACTURING 





This premix consists of reinforcing 
material, such as fiber glass or sisal, 
thoroughly mixed with polyester resin 
containing Dow Styrene. 


The premix molding compound flows 
evenly to each and every section of the 
closed die as it is compressed under 
heat and pressure. 


After a very short cycle, the finished 
premix molding is removed from the 
die. It is now ready for immediate 
assembly or shipment. 


CUTAWAY VIEW SHOWS uniform strength 


in every section. There’s no resin-rich area, no 


special reinforcing, no pre-forming. 


For lower bids: premix moldings 
For uniform strength: polyester resin with Dow Styrene 


Many complicated parts—especially parts with varying wall 
thicknesses—are now made better, at lower cost, by premix 
molding. There are no resin-rich areas. Strength is uniformly 
distributed. Pre-forming is eliminated. And holes and nozzles 
can be molded in a part, eliminating punching and drilling 
operations. 


Leaders of the automotive and appliance industries have 


proved the benefits of premix moldings for specific parts. 
Many innovations are now on the drawing boards. 


The product shown is an example of the many now being 

made by premix molding using Dow Styrene. For technical 

assistance on Dow Styrene, write THE DOW CHEMICAL 

COMPANY, Midland, Michigan — Plastics Sales Department 
20 {, 2 

PL 1886 H-3. 


Photographs through the courtesy of Fabricon Products, River Rouge, Michigan 
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The Economy lug with Quality improvements: 


@ Insulation butts flush. 
@ Serrations give better grip. 
®@ More contact area. 


7 sizes take 14 sol. to 1000 MCM. NEMA 
drilling. 45° or 90° tongue. Also available, 
multiple grip or hex-head screws. 


Price is as attractive as the lug. Write for 
samples of sizes you use. PENN-UNION 
ELECTRIC CORP., Erie, Pennsylvania. 


Sold by Leading Wholesalers 


Circle 386 on page 17 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


TERMINAL 


LEAs 


Aluminum, steel, brass, 
er zinc. 


O/ 
Big variety, mony 


styles, and sizes 


For aircraft, radio, tele- 
phone, motor and gener- FREE SAMPLES AND FOLDER LISTING 
ator monufacture, etc. ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky 


HEAT CONTROL — LIGHT CONTROL 
gaa ema melee 


close adjustment (AC or DC) 


Portable Plug-in RHEQSTATS 


for APPLIANCES 


Built-in RHEOSTATS 


Ter eal See mele el ia 


NATIONAL ELECTRIC CONTROLLER CO. 


7076 Glenwood Ave., Chicago 26, Ill. 


ESTABLISHED 1910 


Circle 387 on page 17 


Circle 388 on page 17 





sola Electric Co.. 4683 W. 16th, Chicaay 
ov, ALL 

Standard Elecirical Products Co., 2240 & 
Third, Dayton 3, Unio 

Ther Electric & Machine Works, 1A 
S. Jetferson, Chicago 6, ill 

United Transformer Co., 15v Varick, New 
York 13, N. Y. 

Wagner Electric Corp. 6454 
Ave., St. Louis 14. Mo. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


Piywouth 


TRANSFORMERS, VARIABLE 
VOLIAGE 


Acme Electric Corp., Cuba, N. Y. 

Comar Electric Co., 3349 W. Addison. 
Chicago 18, II. 

Electran Mfg. Co., 1901 Clybourn Ave.. 
Chicago 14, LiL 

Hevi Duty Electric Co., Milwaukee 1, Wis. 

RCA Electron Tube Div., Kadio Corp. of 
America, Harrison, N. J. 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 8, Ohio 

Suporte Electric Co.. 803 Middle, Bristol. 
‘onn, 


TRANSMISSIONS and PULLEYS 
VARIABLE SPEED 


Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, IIL 


TRANSISTORS and CRYSTAL DIODES 


Clevite Transistor Products, 241 Crescent. 
Waltham 54, Mass. 

Federal Telephone and Radie Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Ka., Clifton, N. J. 

General Electric Co., Electronies Div., 
Electronics Park, Syracuse 1, N. Y. 
(Germanium & Silicon Transistors) 

Hoffman Semiconductor Div. of Hoffman 
Electronic Corp., 930 Pitner Ave., 
Evanston, Ill. 

International Rectifier Corp.. 1521 3B. 
Grand Ave., El Segundo, Calif. 

International Resistance Co., 401 N. Broad. 
Philadelphia 8, Pa. 

Hughes Products, Semiconductors. Div. of 
Hlughes Aircraft Co., International Air- 
port Sta., Los Angeles 45. Calif. 

RCA Semiconductor Div., Radio Corp. of 
America. Harrison, N. J. 

Sprague Electric Co., 307 Marshall. North 
Adams, Mass. 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19. N. Y¥ 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9. Texas 

Transitron Electronic Corp., 
Mass 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Wakefield, 


TUBE PARTS (Electronic). See Elec- 
trenic Tube Components. 


TUBES, CATHODE RAY 


Du Mont Laboratories, Inc.. Allen B., 760 
Bloumtield Ave., Clifton, N. J. 

General Electric Co., Tube Dept., Schenec- 
tady 5. N. Y. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 


TUBES. ELECTRON (industrial) 


Amperite Co., Inc., 561 Broadway, New 
York 12. N. ¥. 

Du Mont Laboratories, Inc., Allen B.. 760 
Bloomfield Ave., Clifton, N. J. 

Eitel-McCullough, Inc., San Bruno, Calif 

a Inc., 127 Sussex Ave., Newark 
3 oN 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Tube Dept., Schenec- 
tady 5, N. ¥ 

Hughes Products, Electron Tube, Div of 
Hughes Aircraft Co., International Air- 
port Sta.. Los Angeles 45, Calif. 
Radio Corp. of America, Tube Div., Har- 
rison, N. J 
Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


TUBES, METALLIZED 
Glass, Technical. 


GLASS. See 


TUBES, PHOTOELECTRIC. See Photo- 
electric Cells and Tubes. 


TUBES, THERMOCOUPLE 
tristol Co., Waterbury 20. Conn. 


Kanthal Corp.. 3 Amelia Place, Stamford, 
Conn, 


TUBING, ALUMINUM. See Aluminum. 


TUBING. BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Copper. 


TUBING, FIBRE. See Fibre. 


TUBING. LAMINATED METAL. See 
Laminated Metals, Precious and Base. 


TUBING, MICA. See Mica. 


TUBING NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy. 


TUBING, PAPER 


Cleveland Container Co.. 6201 Barberton 
Ave.. Cleveland ?, Ohio 

Continental-Diamo.d Fibre. A Sub. of The 
Budd Co., Newark 13, Del. 

Paramount Paper Tube Corp., 612 Lafay- 
ette. Ft. Wayne 2. Ind. 

Precision Paper Tube Co., 2035 W. 
Charleston, Chicago 47. Ill 


TUBING, SILVER. See Silver and Silver 
Alloys 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre weated 
with lacquer, varnish or synthetic resin.) 


Bentiey, Harris Mfg. Co,., 1208 Barclay 
Conshohocken, Pa, 

Burucn Cv., besinive Dept., Santa Barbara, 
Calif, 

Brand & Co., Inc., William, Willimantic, 
Conn. 

Comuuental-Diamoud Fibre, A Sub, of The 
Budd Co., Newark 13, Del. 

Insulation Manuiacturers corp., 565 W. 
Washington Bi'd., Chicago 6, Lu. 

Irvington Viy., Miuuesula Mining & Manu 
facturing Co, » Argyie Lerrace, Irving- 
wn ll, N. v. 

L.U.F. Glass Fiuers Co., 1801 Madison 
Ave., Toiedo 1, Unio 

Natvar Corp.. 207 Kandolph Ave., Wood 
bridge, N. J. 

Owens Corning Fiberglas Corp 
son Ave., New York 22, N ‘ 

Vartiex Corp., 504 W. Court, Kome, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Westline Products, Div. of Western Litho 
graph Co., 600 Bb. 2nd, Los Angeies 
o4, Calif. 


598 Madi 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


Borden Co., Kesinite Dept., Santa Barbara, 
Calif. 

Brand & Co., Inc., William, Willimantic, 
Conn. 

General Electric Co., 
Decatur, Ili. 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Ill. 

Irvington Div., Minunesuvta Mining & Manu 
facturing Co., ¥ Argyle Terrace, Irving- 
ton 11, N. J 

National Vulcanized Fibre Co., 
ton 99, Dei. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 

Phalo Plastics Corp., Commercial & Foster, 
Worcester 8, Mass. 

Rogan Brothers, 3027 N. Monticello Ave., 
Skokie, IL. 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1, 
N. J. 

Vartiex Corp., 504 W. Court. Rome, N. ¥ 

Westline Products, Div, of Western Litho- 
grapa Co., 600 EK, 2nd., Lous Angeles 
54, Calif, 


Plastics Dept.. 


Wilming- 


TUBING STEEL. See Steel, Commercial 
borms and Grades 


TUNGSTEN. See also Contacts 


Fansteel Metallurgical Corp., North Chi- 
cago, Il, 

Mallory & Co., Inc., P. R.. Indianapolis 
6, Ind. 

UNDERCUTTERS, 
Undercutters 


MICA. See Mica 


UNIVERSAL JOINTS 


Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44, Ill. 


VACUUM TUBES. See Tubes, Cathode 
Kay; Tubes, Electron 


VALVES, MANUAL and MECHANICAL 


Kktoss Operating Valve Co., 13% KE. Golden 
Gate Ave., Detroit 3, Mich. 


VALVES. MOTORIZED or SOLENOID 
OPERATED 


Automatic Switch Co., 50-M Hanover Kd. 
Florham Park, N. J. 

Automatic Timing & Controls, Inc., Sub 
of Safety Inuustries, Inc., King of 
Prussia 6, Pa. 

Barber-Colman Cx Dept. T, 1203 Rock 
Rockford, Ii, 

Bristol Co., Waterbury 32. Coun 

Controls Co of America 9551 Sorer 
Ave Schiller Park, Il 

General Electric Co., Apps aius Sales Div.. 
Schenectady 5, N. Y. 

McQuay-Norris Manufacturing Co. 2322 
Marconi, St. Louis 10, Mo. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Ill 

Koss Opereting Valve Co., 183 E. Golden 
Gate Ave., Detroit 3, Mich 

Skinner Electric Valve Div., New Britain, 
Conn 

Westinghouse Electric Corp.. Gateway Cen 
ter, Bldg. No. 3, 40i Liberty Ave, 
Pittsburgh 30, Pa 


VARNISHED FABRICS. See Ff sorics. 
Insulating. 

VARNISHES, COMPOUNDS and 
RESINS, INSULATING 


Acme Wire Co., 1255 Dixwel) Ave. New 
Haven 14, Conn 

paves Co., Resinite Dept., Santa Barbara 
Calif. 

Borthig Co., Inc., George C., Drawer 115, 
East Rutherford 6, N. J 

Brand & Co., Inc., William, Willimantic, 
Conn, 

Ciba Co., Inc., 627 Greenwich, New York 
ie A A 

Dow Corning Corp 
(Silicone) 

du_Pont de Nemours & Co., (Inc.), E. L, 
Plastic Div... Volychemicals Dept.. 
Wilmington 98. Del. 

Vurez Plastics Div Hooker Electro- 
chemical Cc 1308 Walck Road, North 
Tonawanda. N.Y 

General Electric Co. Laminated Products 
Dept., Coshocton, Ohio 


Midland, Mich 


ELECTRICAL MANUFACTURING 





coon 


Tracer gas is sprayed over the relay enclosure while it is under high vacuum 


STANDARDS THAT DETERMINE RELAY quauity / 
/ 


100% leak-free hermetic sealing 


We reject relays with leaks so 
tiny that it would take 30 years 
tc admit 1 cubic centimeter 

of air! 


Hermetically sealed relays are safe 
from the dangers of human tamper- 
ing, and from severe conditions of 
dust and dirt, sand, moisture and 
high humidity, fungi, salt spray and 
reduced air pressure. To insure this 
safety, however, sealed relays must 
be absolutely free from leaks. 


AUTOMATIC 


That is why, at Automatic Elec- 
tric, every single hermetically sealed 
relay undergoes a sensitive mass 
spectrometer test. This highly re- 
fined method of testing detects leaks 
so tiny that it would take more than 
30 years for one cubic centimeter of 
air to pass through! To protect you, 
we reject “‘leakers’’ able to pass ordi- 
nary immersion tests with ease. 


Thanks to uncommon care like 
this at every step of manufacture, 
Automatic Electric relays are the 
most reliable you can buy. 


rae inate 


® 
A member of the General Telephone System - 
One of America’s great communications systems 


AUGUST 1957 


Circle 389 on page 17 
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SOOSSSSSSOSSSHSSSSSSESSSOHSOSSOSES 
Seccecoooooseosooooeeoseoeseeeee 


e 
SSCHSHSSSSSSSSSSHSSSSSSSSSSSSSSSSSSSSESES 


Hermetically sealed relays are avail- 
able in many varieties. Write today for 
Catalog 4083 PD. Automatic Electric 
Sales Corporation, Northlake, Iil. 

In Canada: Automatic Electric Sales 
(Canada) Ltd., Toronto. Offices in 
principal cities. 


359 








DORMEYE 








prodnet 


New or improved 
product design takes 
all your knowhow. Dormeyer 

Solenoid Engineers can contribute to 

your efforts with electro-mechanical devices 
that carry out your ideas and even stimulate more. 
Dormeyer Solenoids have streamlined appearance, 
simplified operation, allowed ‘“‘package”’ 
maintenance, and increased service life of 
many products. Let’s talk about yours: 


Send product sketch for our recommendations . . . 
b/p or specs for estimate . . . no obligation. 


Free 20-page catalog describes Dormeyer line of 
Solenoids, Coils and Transformers. Write today. 


DORMEYER INDUSTRIES 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA 


3424 MILWAUKEE AVENUE CHICAGO 41, ILLINOIS 
Circle 390 on page 17 


1's a Migh Emiasivily 
Coating 


Leading electrical manufacturers have 
found that coating undersides of metal 
grids in waffle irons and sandwich 
toasters saves at least 15° in wattage. 


SAUEREISEN 
No. 7w 


increases heat absorption, withstands thermal shock, provides a hard ceramic-like 
finish that resists water, oil, acids and temperatures up to 2500° F. Can be brushed 
or sprayed, needs no firing. Ask for catalog. 
















7A 
Sauereisen Cements Co., Pittsburgh 15, Pa. 





Circle 391 on page 17 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 





360 Circle 392 on page 17 





Insulation aismttocurers 
Washington Blvd.. Chicago 6. Ill. 

ee 3 se Minnesota Mining & Manu- 
z i 9 Argyle Terrace. Irving- 


mates, Co., Inc., 1587 N. 3ist 
— Melrose Park, Il. 
Mica ‘Ynsulator Co.,' Sub. of 
Mining £ Manufacturing Co.. 
tady 1, 7 


Minnesota Nainin & Mfg. Co.. EI ical 
Products Div., . . a 


900 Fauquier Ave.. St 

Paul 6, Minn. 

Oronite Chemical —~ 200 Bush, San 
Francisco 4, Calif. 

Sherwin-Williams Co., General Industrial 
Div.. Cleveland 1. Ohio 

Union Carbide Corp., Sillicones Div.. 420 
Lexington Ave., New York a ef. 

Westinghouse Electric Corv., Gateway Cen- 


Corp., 565 W. 


Minnesota 
Schenec- 


ter, Bldg. No. mS 401 Liberty Ave., 
veeheees 30, 
ooee Mi Y Inc., Pone- 130 26th. Brooklyn 


VARNISHES, FINISHING. See Lacquers. 
penemele. Paints and Varnishes, Finish- 
ng. 


VARNISHES, INSULATING. See Var 
nishes, Compounds and Resins. 


V-BELTS. See Drives. Belt. 


VIBRATION TEST MACHINES 


General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. 


Westinghouse Electric Corp.. Gateway Cen- 


ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 
VIBRATORS 


Aerovox Corp.. New Bedford, Mass. 
American Television & Radio Co. St. 
Paul 1, Minn. 
Co., Waterbury 20. Conn 
— & Co.. Inc., P. R.. Indianapolis 


d. 
Oak Mfg. Co., 1258 Clybourn Ave.. Chi- 
eago 10, Ml. 


WAXES and COMPOUNDS 

Biwax Corp.. 3443 Howard. Skokie, I!) 

Dow Corning Corp., Midland, Mich 

General Electric Co., Laminated Products 
ept. Coshocton, Ohio 

.. Sub. of Minnesota 

; mepiorteting Co.. Schenec- 


tady 1. ° 
Minnesota Mining & Mfg. Co., 
Products Div.. 
Paul 6. Minn 
ee Mills, Ine 
32. i 


Electrical 
900 Fauquier Ave., St. 


112-130 26th, Brooklyn 


WEDGES and PEGS. oy ag 
Insulation Manufacturers Corp.. w 
Washington Blvd. Ctcage 6. wT 
Mica Insulator Co., Sub. of Minnesota 
a & aypreaains Co.. Schenec- 

tadv 


cae 
Nations! Vulcanized Fibre Co.. Wilming- 
ton 99. Del. 


WELDING EQUIPMENT 


General Electric Co.. eee Sales 
Div.. Schenectady 5, ) 

Precision Welder and Hhemsproes Corp., 
8520 Ibsen Ave.. Cincinnati 9. Ohio 
ere Copper_and Brass Inc., 230 Park 
Ave.. New York 17, N. Y. 

Sciaky Brothers, Inc., 4915 W. 67th 
Chicago 33, Til 

Unitek Corp. 258 Halstead Ave., Pasa- 
dena 8 


Westinghouse Electric Corp., Gateway Cen- 
ter. Bidg. No. 8, 401 Liberty Ave.. 
Pittsburgh 80. Pa. 


WELD NUTS. See Fasteners 


WHEELS BLOWER 


Master Appliance Mfg.. Racine 2. 
“nee Manufacturing Co., 
nn. 


WINDING MACHINES. See Coil Wind- 
ing Machines. 


WIRE AND CABLE. BARE 


American Brass Co., Waterbury 20. 
American Steel & Wire Div., U. 
Corp.. Rockefeller Bidg., 


Wis 
Torrington. 


Conn. 

S. Steel 

Cleveland 15, 
Ohio 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N.Y. 

Pssex Wire Co.. Wire and Cable Div 
Fort Wayne, Ind. 


ones Cable’ Co., = Lexington Ave., 


ew York 17, N. Y. 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Page Steel & Wire Div., American Chain 
& Cable Co., P.O. Box 692 Monessen, 
Pa. (Stainless or Carbon Steel. Armature 
Banding) 


Phelps-Dodge Copper Products Corp., Fort 
Wayne, Ind. 

Riverside-Alloy Metal Div.. H. K. Porter 
Co., Inc., verside, N. J. 

Roebling’s Sons Corp., John A., Sub. of 
goeeeee, Fuel & Iron Corp.. Trenton 


Rome Cable Corp., Rom 


eo. N. Y. 
oon, & Son, Inc., Joseph T. Chicago 
Sylvania Electric Products, Inc.. 1740 
Broadway, New York 19. N. Y. 
WIRE and CABLE, INSULATED 
Asbestos AY 
Rubber B 
Varnished Fabric (Cc) 


Thermoplastic 
Coaxial Cable 


American Steel & Wire Div Bteel 
Corp., Rockefeller Bldg., ‘esa 15, 
oO 


‘T) 
x) 


- ant Bestopto Corp. = 8. 54th 

ve., cago 54 

Anaconda, Wire an and Sibu 8 Go., 25 Broad- 
way. New ABCTX) 

Belden Mf = “ess. Y an Bureo 
Chicago Th. (ABTX) 

Brand & Co., Inc.. William, Willimant® 
Conn. (TX) 


Chase Brass & Copper Co., Sub. of Ker 


necott Copper Corp., Waterbury 20, Conn 
Continental Wire Corp., allingford. 
Conn. (ATX) “ 
Cornish Wire oe. iee.. 50 Church. New 
York 7, N. Y. 
Bastern pauaesia Wire Corp., Walling- 


ford, Conn. (ABCT) 
Essex Wire Cup... Wire and Cable Div., 
Fort Wayne, Ind. (BT) 
Federal Telephone and Radio Co., Div. 
International Telephone and ielegradh 
. 100 Kingsland Rd., Clifton, 


General Cable Corp. 
ow Ware Ht, HS: deat 
Genera ectric Co. ‘ons’ on 
rials Div.. Bridgeport 2, Conn. (ABCX) 
Hitemp Wires. Inc., 26 Windsor Ave., 
Mineola, N. Y¥. (T 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. (TX) 

Phelps-Dodge Copper Products Corp., Fort 
Wayne, Ind. (ABCTX) 

Pee Cop. 42-61 24th. Long Island 

ty N. 

Rockbestos Products Corp., New Haven 4, 
Conn, (AT) 

Roebling’s Sons Corp.. John &., Sub. of 
Ceere® Fuel & Iron Corp., enton 

(BTX) 


Rome Cable Corp.. Rome N. Y. 
Capel _pieiete Corp., Pawtucket, R. I. 
C ’ 


WIRE CUTTERS and STRIPPERS. See 
Strippers, Wire. 


420 Lexington Ave., 


wise CUTTING PLIERS and TWIST- 
ERS. See Pliers and Cutters, Wire. 


WIRE 
Flat; 


FORMS. 
Stampings 


WIRE. MAGNET 

Acme Wire Co., 1255 Dixwell Ave., 
Haven 14, Conn. 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4. N. Y. 


See Springs. Coil and 


Metal. 


New 


Belden Mfg. Co.. 4638 W. Van Buren. 
Chicago 44, TIL 
Chase Brass & Copper Co., Sub. of Ken- 


necott Copper Corp., Waterbury os Conn 
Electric pune jive Go., Wire and Cable 
Div., Port Huron, Mich. 
Essex Wire Corp.. Magnet Wire Div.. 


Fort. Wayne 6, Ind. 
General Cable fr. 420 Lexington Ave.. 


New York M 
General Blectric Go.,° Construction Ma- 
terials Div., Bridgeport 2, Conn. 
Hitemp Wires, Inc., 26 Windsor Ave.. 
Mineola, N.Y. 


Phelps-Dodge Copper Products Corp., Inca 
Manufacturing Div.. Fort Wayne, Ind. 
ee estos Products Corp., New Haven 4. 


Roebling’s Sons bg John A.. Sub. of 
Grego Fuel & Iron Corp., Trenton 2. 


Rome Cable Corp., Rome, N. Y. ss 
Sprague Electric Go., 307 Marshall, North 


Adams, Mass. 
Tensolite Specialties, Inc., 198 Main, 
Tarrytown, N. Y. 
WIRE MAGNETIC RECORDING. See 


Magnetic Recorder Components 

WIRE MARKING MACHINES. See 
Marking Machines and Devices 

WIRE, RESISTANCE 

Rristol Co., Waterbury 20, Conn. 

Driver Co., Wilbur B.. 1875 McCarter 
Highway, Newark 4, N. J. 


Driver-Harris o- Harrison. N._ J. 
Kanthal Corp., Amelia Place, Stamford. 


Conn. 

Ney Co., J. M., P. O. Box 990 Hartford 1. 
Conn. 

Riverside-Alloy Metal Div., H. K. Porter 


Co., Inc., Riverside, N. J 
WIRE STRIPPERS. See Strippers, Wire 
WIRE TIES 
H. F. Hanscom & Co., Inc., 6 Virginis 
Ave., Providence 5, R. I. 
WIRING DUCTS. See Ducts, Wiring 
WIRING HARNESSES. See Harnesses 


and Assemblies, Wire. 


WORK FEEDERS 
Mend Specialties Co.. 4114 N. 


ept, B-47, Chi 


Knox Atve. 
cago 41, Tl. 


WORMS and WORM WHEELS. See 
Gears and Pinions. 

WRENCHES, SOCKET SCREW. See 
Socket Screw Keys and Wrenches. 

YARNS, BRAIDING and SERVING. See 
Fabrics. Insulating. 

ZINC 

New Jersey Zine Co.. 160 Front, New 
York. N. Y. 

ELECTRICAL MANUFACTURING 

























FOR BETTER BENCH 
MOCK-UP TESTS! 


; Mle 
, 


KATO 


Variable Frequency 


eo) co): mam 
GENERATOR 
SETS 









AUTOMATIC 
ADJUSTMENT 
360 TO 440 CPS 


45 EPOT 


360 to 440 CPS. Generator mounted controls include reset but- 
tons, limit switch. Motor and generator remain stationary. Vari- 


drive pulley adjustment controlled by small motor. 







REMOTE 
CONTROL 
; CONTROL PANEL Remote control fre- 
' Synchronous motor auency congas 
starter and genera- Varies spec rom 
tor controls Tachade 1080 to 1320 r.p.m., 
ing magnetic am- thus varying fre- 
plifier, voltage reg- QUeNcy. Bench 
ulator in cabinet. mock-up test sta- 
tion may be lo- 
eated anywhere. 





ord atid aL Pa ea Ree Lo) 
KATO oda eT Pemeernen 


Circle 394 on page 17 


30 YEARS OF WIRE STRIPPING 
EXPERIENCE 


Not just 30 years of 
building one or two types 
of standard wire strippers, 
but continuous research and 
development of many wire 
strippers to meet ever 
changing needs. 


Speedcraft (illustrated) has 
widest application and su- 
perior performance on most 
kinds of smaller wire. 

For larger sizes inquire 
about our Air Operated 
Cable Stripper. 

Consult us about your wire 
stripping problems. 











Write for complete information—sending wire samples—no obligation. 


WIRE STRIPPER CO. 1729 EASTHAM AVE. 


E. CLEVELAND, OHIO 
Circle 395 on page 17 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 


engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 


AUGUST 1957 Circle 396 on page 17 


= 
7 
ae 
ae Fully automatic variable frequency motor generator set adjusts 
ce 
ie 






a MANUAL ADJUSTMENT 
45 TO 60 CPS 

@ Easily adjusted by simple hand 
& wheel controlling variable pitch 

pulley V-belt arrangement. This 
| motor generator set gives 45 to 

60 CPS output. Unit holds speed 
™@ accurately. Frequency meter on MODEL 
mw generator panel. Single phase 28XAD8 

generator speed varies from 1350 60 CYCLE A.C 
@ to 1950 rpm. <e, GENERATOR 
= ~~ FROM 350 WATTS 
- WRITE FOR FOLDER — IT’S NEW! TO 500 KVA 






























When You Need 
CONTACTS IN A HURRY 


Here’s how Deringer Delivery saves you 
time and increases your profits. 

Whether the contact you need is stand- 
ard or special, Deringer delivers in ac- 
cordance with your needs and in less time 
than others take to process an order. 

Our prices are competitive. You pay no 
premium for our precision quality and 
faster delivery. 


t Write for these FREE 
ONTACT CATALOGS 





If delivery has ever been a problem, 
try Deringer. You'll be glad you did. 





DERRINGER 

ge 

be. 

' Metallurgical Corporation 
fe 8119 Monticello Ave © Skokie, Illinois 

(| _— PHONES: CHICAGO KEystone 9-8502 SKOKIE ORchard 5-1030 





Circle 393 on page 17 








ya 


BAR TO GROUND 





Nippert Commutators 
meet every test for 
quality performance 


Each Nippert Commutator is 
given a thorough inspection before 
shipment. An electrical testing 
machine, which can be set for any 
required voltage, simultaneously tests 
for bar to ground and bar to bar 


leakage. 


No detail is spared to assure that 
every Nippert commutator will meet 
all the requirements of voltage and 


temperature for which it is designed. 


te dd eI 


Safe ae de): oe a 


Pee Mol ile Phone BRoadway 4.1116 


Columbus 23, Ohio 


362 Circle 397 on page 17 





INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 


expressly for that purpose 


A’G’A Div., Elastic Stop Nut Corp. of 


America 354 
Accurate Spring Mfg. Co. 206 
Ace Electronics Associates 353 
Adams & Westlake Co., The 163 
Advanced Vacuum Products, Inc., A Div., 

of General Ceramics Corp. 340 
Akron Porcelain Co. 326, 333 
Alcor Manufacturing Co. 346 
Allegheny Ludlum Steel Corp. 289 
Allen-Bradley Co 185, 186, 267 
Allen Manufacturing Co. 241 
Allied Research Products, Inc. 295 
Allis-Chalmers, General Products Div. 79 
Allis Co., The Louis 26, 27 
Aluminum Co. of America 363 
Aluminum Goods Manufacturing Co., 

Contract Div. 4, 5 
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How Alcoa Aluminum 
Fasteners make good 
windows even better 





MEETS AWMA 
STANDARDS! 


You can meet the highest standards 
of quality and the specifications of 
the AWMA (Aluminum Window 
Manufacturers Association) for 
prime windows of aluminum when 
you assemble with Alcoa® Aliiminum 
Fasteners. Perfect color match and 
protection against both galvanic and 
atmospheric corrosion make for last- 
ing good looks . . . consumer satis- 
faction. Complete stocks carried by 
your local Alcoa distributor fill every 
requirement. He is listed in the 
Yellow Pages of your telephone 
directory. 





Your Guide 
to the Best in 
ALCOA @. Aluminum 
eet Sa ear ee oe Value 
wy #05 AA 
FASTENERS 
*ACOA 


fGy. _THE ALCOA HOUR 
Ty) me 


lay ana . EVENINGS 


Fill out coupon for facts, samples 





— 
Aluminum Company of America 
2241-H Alcoa Bidg., Pittsburgh 19, Pa. 
Gentlemen: Please send complete specification 
data and samples of Alcoa Aluminum Fasteners. 
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GIZZARD! 





THERE'S MORE 





TO SKIN A 


Power Gizzard Skinner Means Better Produc- 
tion for packers! Driven by a Master %4 H.P. 
Double Parallel Gearmotor, output speed 230 R.P.M. 


ANOTHER DRIVE REQUIREMENT MEETS ITS MASTER 


“But my drive problems are different,’ you say, and 
right you undoubtedly are. Far as we know, this 
Master-powered Gizzard Skinner is unique. 

But here’s the point. America’s productive genius 
consists of the ability to analyze a problem, devise a 
system and apply power to it in such a way as to 
produce better results faster at less cost. And that 
problem we bet you've got! 

Let us help! Tell us the problem. From the drives 
listed here—or a combination of the required ones 


in one compact efficient unit—we’ll deliver the goods! 
That’s just what we’ve done for many, many years, to 
an ever-enlarging cross-section of American industry 
jealous of the performance of their motor equipment. 


Motor Ratings 


Motor Types 


Construction... 


Speeds..... 
Installation 


Power Drive 
Features........... 


lg to 400 H.P. All phases, 
voltages and frequencies. 
Squirrel cage, slip ring, syn- 
chronous, repulsion-start 
induction, capacitor, direct 
current. 

Open, enclosed, splash- 
proof, fan-cooled, explosion- 
proof, special purpose. 


..Single -speed, multi-speed, 


and variable speed. 


Horizontal and vertical, with 
or without flanges and other 
features. 

Electric brakes (2 types) — 
5 types of gear reduction up 
to 432 to 1 ratio. Mechanical 
and electronic variable 
speed units—fluid drives— 
every type of mounting. 


ELECTRIC COMPANY 
Dayton 1, Ohio 








Ps TYPE H}—Positive acting, 
adjustable, for fry pans, skillets, 
and other appliances. Fail-safe 
open in low to 500 F in high 
Rated at 1650 watts at 115 
Tlie COM TT ol 11-bit Menem e 0.0) 








THERMOSTATS 


give you more 
of what you want most 





TYPE A*—Semi-enclosed. 

Insulated, electrically independent 
bimetal disc gives fast response and 
quick, snap-action control. Operation 
from —10° to 400°F, or higher on 
special order. Various mountings and 
terminals. Rated at 62 amps at 115 
volts AC, 4 amps at 230 volts AC and 
28 volts DC. See Bulletin 3000. 


TYPE SA*— Adjustable (shown) and 
non-adjustable. Snap acting with 
electrically independent bimetal. 
Also single-pole, double- 

throw. Non-inductive-load 

rating 15 amps at 115 

volts AC; 10 amps at 

230 volts AC. Spade 

or screw terminals. 

Request Bulletin 

2000. 


Features such as snap or positive-action . . . various 
terminal arrangements or mounting provisions. . . differ- 
ent temperature ranges—there’s a standard type Stemco 
thermostat for your special needs. That means you cut 
down on lead time, research and development costs, tool- 
ing and production inventory. Specify Stemco and you 
get better thermostats, faster and for less than you can 
make them or buy them elsewhere. 





Size and weight are par- 
ticularly important in 
appliance and apparatus 
applications. And here 
Stemco thermostats score, 
too. Their compactness and 
lightness give a better 
product without sacrificing 
performance. 


Economy of mass produc- 
tion of many standard 
Stemco types with literally 
hundreds of terminal ar- 
rangements and mounting 
provisions means your 
product costs less to make, 
is easier to sell. 


THERMOSTATS 


Availability of most types 
is good. Design is flexible 
for your special applica- 
tions, tooling is in existence 
for short-term delivery. If 
heat control is your prob- 
lem, Stemco thermostats 
can provide the answer. 


AA-3761 





Ena manufacturing company, inc. 


Lexington and Mansfield, Ohio 
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